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Abstract 
This project presents brain lesion segmentation 
of diffusion-weighted magnetic resonance 
images (DWI) based on thresholding technique 
and gray level co-occurrence matrix (GLCM).  
The lesions are hyperintense lesion from tumour, 
acute infarction, haemorrhage and abscess, and 
hypointense lesion from chronic infarction and 
haemorrhage.  Pre-processing is applied to the 
DWI for intensity normalization, background 
removal and intensity enhancement.  Then, the 
lesions are segmented by using two different 
methods which are thresholding technique and 
GLCM.  For the thresholding technique, image 
histogram is calculated at each region to find the 
maximum number of pixels for each intensity 
level. The optimal threshold is determined 
by comparing normal and lesion regions.  
Conversely, GLCM is computed to segment the 
lesions.  Different peaks from the GLCM cross-
section indicate the present of normal brain 
region, cerebral spinal fluid (CSF), hyperintense 
or hypointense lesions. Minimum and 
maximum threshold values are computed from 
the GLCM cross-section.  Region and boundary 
information from the GLCM are introduced 
as the statistical features for segmentation of 
hyperintense and hypointense lesions.  The 
proposed technique has been validated by using 
area overlap (AO), false positive rate (FPR), 
false negative rate (FNR), misclassified area 
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(MA), mean absolute percentage error (MAPE) 
and pixels absolute error ratio (rerr).  The results 
are demonstrated in three indexes MA, MAPE 
and rerr, where 0.3167, 0.1440 and 0.0205 for 
GLCM, while 0.3211, 0.1524 and 0.0377 
for thresholding technique.  Overall, GLCM 
provides better segmentation performance 
compared to thresholding technique.
Keywords: DWI, GLCM, segmentation, 
thresholding.
i. introDuCtion
Tumor, infarction (stroke/ischemia), 
haemorrhage (bleeding/ ischemia) and 
infection (abscess) are the example of 
brain lesions that are affected in the brain 
cerebrum. In 2006, it was reported that 
tumor and brain diseases such as brain 
infarction and haemorrhage were the 
third and fourth leading cause of death in 
Malaysia [1]. The incidence of brain tumor 
in 2006 was 3.9 among males and 3.2 
among females per 100,000 populations 
with a total of 664 cases reported by the 
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Minister of Health Malaysia. In the United 
States, the combined incidence of primary 
brain tumor was 6.6 per 100,000 persons 
per year with a total of 22,070 new cases 
in 2009 [2], while brain infarction affects 
approximately 750,000 new cases per year 
[3].
Interpretation of brain imaging plays 
an important part in diagnosis of 
various diseases and injury. Magnetic 
resonance imaging (MRI) is one of 
the popular, painless, non-radiation 
and non-invasive brain imaging 
techniques.  Nevertheless, assessment 
of brain lesion in MRI is a complicated 
process and typically performed by 
experienced neuroradiologists. An 
expert neuroradiologist performs 
this task with a significant degree of 
precision and accuracy. It can often be 
difficult for clinicians to precisely assess 
the lesion on the basis of radiographic 
appearance.  Therefore, quantitative 
analysis using computers can help 
radiologists to overcome these problems. 
Due to the importance of brain imaging 
interpretation, significance research 
efforts have been devoted for developing 
better and more efficient techniques 
in several related areas including 
processing, modeling and understanding 
of brain images [4].
Over the past several years, developments 
in MRI unit have enabled the acquisition 
of MR imaging using fast and advanced 
techniques, proving extremely useful in 
various clinical and research applications 
such as diffusion-weighted MRI (DW-
MRI or DWI) [5]. DWI proficient to 
provide image contrast that is dependent 
on the molecular motion of water, which 
can alter by disease [6].  The image is 
bright (hyperintense) when the rate of 
water diffusion in the cell membrane is 
restricted and dark (hypointense) when 
the diffusion is elevated [6]. DWI provides 
very good lesion contrast compared to 
the appearance in conventional MRI [3]. 
Research have shown DWI is considered 
as the most sensitive technique in 
detecting early acute neurological 
disorders, stroke, infection, trauma and 
tumor [3,6-7].  
Segmentation or separation of specific 
region of interest (ROI) of pathological 
abnormalities from MR images is 
an essential process for diagnosis 
and treatment planning. Accurate 
segmentation is still a challenging task 
because of the variety of the possible 
shapes, locations and image intensities of 
various types of problems and protocols. 
Computerized segmentation process is 
essential to overcome these problems. A 
large number of approaches have been 
proposed by various researchers to deal 
with various MRI protocols [8]. These 
approaches were introduced to solve the 
problems of automatic lesion detection 
and segmentation in various conventional 
MRI.
Thresholding based segmentation 
discriminates pixels according to their 
gray level value. The key parameter in the 
thresholding process is the choice of the 
threshold value. In this study, histogram 
thresholding is applied to separate 
hyperintense lesion from DW images. 
The rationale being that the brightness of 
hyperintense lesion pixels are higher than 
the normal pixels.
Gray level co-occurrence matrix (GLCM) 
has been widely used in computer vision 
and pattern recognition applications 
[9] such as in fingerprint verification 
[10], fruits skin defect detection [11], 
industrial vision system [12], and in 
medical image analysis (notably on x-ray, 
MRI, echocardiogram and mammogram) 
in order to discriminate between 
pathological and non-pathological tissues 
[13-16].  In the classical technique, Haralick 
et al. [17] introduced six textural features 
from GLCM which are the most relevant 
features to analyze textural images. This 
method has been widely used by various 
researchers for segmenting or identifying 
tissue types in MR images [18, 14, 19-24].
In this research work, a new approach for 
automatically detecting and segmenting 
brain lesions from DWI is introduced. 
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Beside the widely known thresholding, 
this paper proposes a new statistical 
information based on region and 
boundary information from the GLCM. 
The analysis involves both thresholding 
and GLCM computation to pre-processed 
DWI; calculating the minimum and 
maximum threshold values from GLCM 
cross-section; and segmenting the 
hyperintense or hypointense lesions 
based on thresholding and region and 
boundary information from the GLCM. 
Segmentation evaluation is made in 
order to analyze the performance of the 
proposed techniques.
ii. Diffusion-weighteD mri 
a. Brain Lesion
Accurate segmentation is still a challenging task because of 
the variety of the possible shapes, locations and image 
intensities of various types of problems and protocols.  
Computerized segmentation process is essential to overcome 
these problems. A large number of approaches have been 
proposed by various researchers to deal with various MRI 
protocols [8]. These approaches were introduced to solve the 
problems of automatic lesion detection and segmentation in 
various conventional MRI. 
Thresholding based segmentation discriminates pixels 
according to their gray level value. The key parameter in the 
thresholding process is the choice of the threshold value. In 
this study, histogram thresholding is applied to separate 
hyperintense lesion from DW images. The rationale being that 
the brightness of hyperintense lesion pixels are higher than the 
normal pixels. 
Gray level co-occurrence matrix (GLCM) has been wi ely 
used in computer vision and pattern recognition applications 
[9] such as in fingerprint verification [10], fruits skin defect 
detection [11], industrial vision system [12], and in medical 
image analysis (notably on x-ray, MRI, echocardiogram and 
mammogram) in orde  to discriminate between pathological 
and non-pathological tissues [13-16].  In the classical 
technique, Haralick et al. [17] introduced six textural features 
from GLCM which are the most relevant features to analyze 
textural images. This method has been widely used by various 
rese rchers for segmenting or ide tifying tissue types in MR 
images [18, 14, 19-24]. 
In this research work, a new approach for automatically 
detecting and segmenting brain lesions from DWI is 
introduced. Beside the widely known thresholding, this paper 
proposes a new statistical information based on region and 
bound ry inf rma ion from the GLCM. The analysis involves 
both thresholding and GLCM computation to pre-processed 
DWI; calculating the minimum and maximum threshold 
values from GLCM cross-section; and segmenting the 
hyperintense or hypointense lesions based on thresholding and 
region and boundary information from the GLCM. 
Segmentation evaluation is made in order to analyze the 
performance of the proposed techniques. 
II. DIFFUSION-WEIGHTED MRI  
A. Brain Lesion 
 
 
(a) Normal  (b) Solid tumor  (c) Acute infarction
   
(d) Abscess  (e) Haemorrhage  (f) Chronic infarction
Fig. 1 Original DWI with brain lesion indicated by a white circle 
Fig. 1 shows DWI intensities in major brain lesion, where 
the lesion is indicated by a white circle. In normal brain, the 
region consists of brain tissue (normally called as gray and 
white matter tissue in conventional MRI) and a cavity which is 
full of cerebral spinal fluid (CSF) located in the middle of the 
brain, as shown in Fig. 1(a). The DWI intensity for CSF is 
dark. Fig. 1 (b-f) shows several brain lesions, in which the 
intensity can be divided into hyperintense and hypointense. 
DWI hyperintense lesion includes acute infarction, acute 
haemorrhage, solid tumor and abscess. Chronic infarction and 
necrosis tumor appear to be hypointense in DWI. The 
summary of major brain lesions, types, symptoms and 
pathological findings is summarized in Table I. Nevertheless, 
this paper is only focused on the hyperintense lesions.  Based 
on our hypothesis, the hyperintense lesions in DWI can be 
well separated from the normal tissue because of its high gray 
lev l intensity.
Table 1 Description of brain lesions, types, symptoms and 
pathological findings [25-28] 
B. Imaging Parameter  
The DW images have been acquired from the General 
Hospital of Kuala Lumpur using 1.5T MRI scanners Siemens 
Magnetom Avanto. Acquisition parameters used were time 
echo (TE), 94 ms; time repetition (TR), 3200 ms; pixel 
resolutions, 256 x 256; slice thickness, 5 mm; gap between 
each slice, 6.5 mm; intensity of diffusion weighting known as 
Brain Lesion DWI 
Characteristics 
Symptoms  Pathological 
Findings 
 
Tumor 
 
 
Solid: 
Hyperintense 
Cystic/
Necrosis: 
Hypointense 
 
 
Loss of balance; 
walking, visual 
and hearing 
problems; 
headache; 
nausea; 
vomiting; 
unusual sleep; 
seizure 
 
Abnormal 
growth of 
cells in 
uncontrolled 
manner
shape: round, 
ellipse, 
irregular 
texture: clear, 
partially clear, 
blur 
 
Infarction 
(Stroke/ 
Ischemia) 
 
Acute  
(30 minutes - 
72 hours after 
onset): 
Hyperintense 
 
Chronic 
(after 2 weeks): 
Hypointense 
 
Paralysis; visual 
disturbances; 
speech problems; 
gait difficulties; 
altered level of 
consciousness 
 
Cerebral 
vascular 
occlusion/ 
blockage 
 
 
Haemorrhage 
(Bleeding/ 
Ischemia) 
 
Deoxyhemoglo
-bin: 
Hyperintense 
 
Oxyhemoglo-
bin: 
Hypointense 
 
Paralysis; 
unconsciousness; 
visual 
disturbances; 
speech problems 
 
Presence of 
blood 
products 
outside of the 
cerebral 
vascular 
 
 
Infection 
(Abscess) 
 
Hyperintense 
 
 
Fever; seizure; 
headache; 
nausea; 
vomiting; altered 
mental status 
 
Bacterial, viral 
or fungal 
infections, 
inflammatory 
and pus 
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B. imaging parameter
The DW imag s have been acquir d 
from the General Hospital of Kuala 
Lumpur using 1.5T MRI scanners 
Siemens Magnetom Avanto. Acquisition 
parameters used were time echo (TE), 94 
ms; time repetition (TR), 3200 ms; pixel 
resolutions, 256 x 256; slice thickness, 
5 mm; gap between each slice, 6.5 mm; 
intensity of diffusion weighting known 
as b value, 1000 s/mm2 and total number 
of slices, 19. All samples have medical 
records which have been confirmed by 
neuroradiologists. Images were encoded 
in 12-bit DICOM (Digital Imaging and 
Communications in Medicine) format.   
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iii. proposeD teChniQues
a. thresholding technique
The flowchart of the proposed 
segmentation is shown in Fig. 2. The 
samples of brain DWI dataset are first 
collected.  In the pre-processing stage, 
several algorithms are applied to enhance 
the images. The intensity is normalized 
from 0 to 1, the background and skull 
are removed and then the intensity is 
enhanced using two different algorithms 
which are gamma-law transformation 
and contrast stretching. The algorithms 
are applied to span the narrow range 
of DWI histogram for thresholding 
purpose. The segmentation process starts 
at full image and splits to 8 x 8 regions. 
The lesion intensity range is analysed 
based on thresholding technique. This is 
done by calculating image histogram at 
each region and finding the maximum 
number of pixels at each intensity level. 
An optimal threshold is determined by 
comparing normal and lesion regions in 
the histogram. Region of interest (ROI) 
is then segmented based on the optimal 
threshold.
b value, 1000 s/mm2 and total number of slices, 19. All 
samples have medical records which have been confirmed by 
neuroradiologists. Images were encoded in 12-bit DICOM 
(Digital Imaging and Communications in Medicine) format.   
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The flowchart of the proposed segmentati n is shown in 
Fig. 2. The samples of brain DWI dataset are first collected.  
In the pre-processing stage, several algorithms are applied to 
enhance the images. The intensity is normalized from 0 to 1, 
the background and skull are removed and then the intensity is 
enhanced using two different algorithms which are gamma-
law transformation and contrast stretching. The algorithms are 
applied t  span the narrow range of DWI histogram for 
thresholding purpose. The segmentation process starts at full 
image and splits to 8 x 8 regions. The lesion intensity range is 
analysed based on thresholding technique. This is done by 
calculating image histogram at each region and finding the 
maximum number of pixels at each intensity level. An optimal 
threshold is determined by comparing normal and lesion 
regions in the histogram. Region of interest (ROI) is then 
segmented based on the optimal threshold. 
 
Fig. 2 Flowchart of the proposed thresholding technique 
B. GLCM  
GLCM [17, 29] is a matrix of relative frequencies in which 
two neighbouring pixels separated by distance d, at angular 
orientationφ, occur in an image. One pixel is with gray level u 
and the other is with gray level v. The angular orientationφ is 
quantized to four directions which are horizontal, diagonal, 
vertical and off-diagonal, or 0o, 45o, 90o and 135o, 
respectively. For an image I(x,y), where the image has 1≤x≤Nx 
pixels in horizontal direction and  1≤y≤ Ny pixels in vertical 
direction. Suppose that the image has Ng resolution levels in 
which u represents the gray level of pixel I(x,y) and v 
represents the gray level of the nearest-neighbour pixel φ,dv  
where 0≤u,v≤Ng-1. The GLCM, φ,),( dvuG  is calculated as: 
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For d=1, the eight nearest-neighbour orientation of φ 
corresponding to pixel I(x,y) can be illustrated in Fig. 3. 
 
 
 
Fig. 3 Eight nearest-neighbour pixel cells to pixel *. With d=1; 1 and 
5 are φ = 0o, 4 and 8 are φ = 45o, 3 and 7 are φ = 90o, 2 and 6 are φ = 135o.
* is the reference pixel I(x,y) [17]. 
 
One of the characteristic of the GLCM is it is diagonally 
symmetry. Thus, the corresponding adjacent pixel φ,dv  such 
in equation (2) can be simplified as: 
⎪
⎪
⎩
⎪
⎪
⎨
⎧
=−−
=−
=+−
=+
=
o
o
o
o
d
φdydxI
φydxI
φdydxI
φdyxI
v
135   ),(
  90         ),(
45   ),(
0for     ),(
,φ
                   (3)
 
In practice, for each d, the matrices for the four orientations 
are averaged. Thus, the averaged GLCM, ),( vuG  is computed 
as: 
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IV. IMAGE PREPROCESSING 
Several Several pre-processing algorithms are applied to 
DW images for intensity normalization, background removal 
and intensity enhancement. The original DWI has 12-bit 
intensity depth unsigned integer. In normalization process, the 
type of the intensity depth is converted to double precision, 
where the minimum value is set to 0 while for the maximum is 
to 1. The DWI includes background image which needs to be 
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Several Several pre-processing algorithms are applied to 
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type of the intensity depth is converted to double precision, 
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samples have medical records which have been confirmed by 
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enh ce the images. The i tensity is normaliz d fr m 0 to 1, 
the background and skull are removed and then the intensity is 
enhanced using two different algorithms which are gamma-
law transformation and contrast stretching. The algorithms are 
applied to span the narrow range of DWI histogram for 
thresholding purpose. The segmentation process starts at full 
image and splits to 8 x 8 regions. The lesion intensity range is 
analysed based on thresholding technique. This is done by 
calculating image histogram at each region and finding the 
maximum number of pixels at each intensity level. An optimal 
threshold is determined by comparing normal and lesion 
regions in the histogram. Region of interest (ROI) is then 
segmented based on the optimal threshold. 
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B. GLCM  
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two neighbouring pixels separated by distance d, at angular 
orientationφ, occur in an image. One pixel is with gray level u 
and the other is with gray level v. The angular orientationφ is 
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represents the gray level of the nearest-neighbour pixel φ,dv  
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For d=1, the eight nearest-neighbour orientation of φ 
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In practice, for each d, the matrices for the four orientations 
are averaged. Thus, the averaged GLCM, ),( vuG  is computed 
as: 
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threshold is determined by comparing normal a d lesion 
regions in the histogram. Re ion of interest (ROI) is then 
segmented bas d on the optimal threshold. 
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For d=1, the eigh  nearest-neighbour orientation of φ 
corresponding to pixel I(x,y) can be illustrat d in Fig. 3.
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segmented based on the optimal threshold. 
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direction. Suppose that the image has Ng resolution levels in 
which u represents the gray level of pixel I(x,y) and v 
represents the gray level of the nearest-neighbour pixel φ,dv  
where 0≤u,v≤Ng-1. The GLCM, φ,),( dvuG  is calculated as: 
 
= = ⎩
⎨
⎧ ===
x yN
x
N
y
d
d
vvyxIu
vuG
1 1
,
, otherwise   0
 and   ),(    if    1
),( φφ
          (1)
 
φ,dv is referred to the nearest neighbour pixel, defined as: 
 
=
=
=±
=
o
o
o
o
φdy
φy
φdy
φd
135 ),
  90 ),
45 ),
0for     ),
m        (2) 
 
r , t  i t nearest-neighbour orientation of φ 
corresponding to pixel I(x,y) can be illustrated in Fig. 3. 
 
 
 
Fig. 3 Eight nearest-neighbour pixel cells to pixel *. With d=1; 1 and 
5 are φ = 0o, 4 and 8 are φ = 45o, 3 and 7 are φ = 90o, 2 and 6 are φ = 135o.
* is the reference pixel I(x,y) [17]. 
 
One of the characteristic of the GLCM is it is diagonally 
symmetry. Thus, the corresponding adjacent pixel φ,dv  such 
in equation (2) can be simplified as: 
⎪⎩
⎪⎨
⎧
=−−
=−
=+−
=+
=
o
o
o
o
d
φdydxI
φydxI
φdydxI
φdyxI
v
135   ),(
  90         ),(
45   ),(
0for     ),(
,φ
                   (3)
In practice, for each , he matrices for the fo r orientations 
are averaged. Thus, the averaged GLCM, ),( vuG  is computed 
as: 
 
( )oooo dddd vuGvuGvuGvuGvuG 135,90,45,0, ),(),(),(),(41),( +++=               (4) 
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For d=1, the eight nearest-neighbour orientation of φ
corresponding to pixel I(x,y) can be illustrated in Fig. 3. 
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In practice, for each d, the matrices fo  the ur orientati ns 
are averaged. Thus, the averaged GLCM, ),( vuG  is computed 
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For d=1, the eight nearest-neighbour orientation of φ 
corresponding to pixel I(x,y) can be illustrated in Fig. 3. 
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5 are φ = 0o, 4 and 8 are φ = 45o, 3 and 7 are φ = 90o, 2 and 6 are φ = 135o.
* is the reference pixel I(x,y) [17]. 
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In practice, for each d, the matrices for the four orientations 
are averaged. Thus, the averaged GLCM, ),( vuG  is computed 
as: 
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Fig. 3 Eight n arest-neighbour pixel cells to
pixel *. With d=1; 1 and 5 areφ = 0o, 4 and 8 
are φ = 45o, 3 and 7 are φ = 90o, 2 and 6 are φ = 
135o. * is the r ference pixel I(x,y) [17].
One of the characteri tic of the GLCM 
is it is diagonally symmetry. Thus, the 
corresponding a jacent pixel 
b value, 1000 s/mm2 and total number of slices, 19. All 
samples have medical records which have been confirmed by 
neuroradiologists. Images were encoded in 12-bit DICO  
(Digital Imaging and Communications in Medicine) format.   
III. PROPOSED TECHNIQUES 
A. Thresholding Tech ique 
The flowchart of the proposed segmentation is shown in 
Fig. 2. The samples of brain DWI dataset are first collected.  
In the pre-processing stage, several algorithms are applied to 
enhance the images. The intensity is normalized from 0 to 1, 
the background and skull are remov d an  th n the int nsity s 
enhanced using two diff ent algo ithms which are gamma-
law transformation nd contr t stretching. The algorithms are 
applied to span the narrow range of DWI histogram for 
thresholding purpose. The segmentation process st rts at full 
im ge and plits to 8 x 8 regions. The lesion intensity range is 
analys d based on t resholding technique. This is done by 
calculati g image histogram at each region and finding the 
ma imum number of pixels at each intensity level. An optimal 
threshold is de ermined by comparing normal and lesion 
regions in the histogr m. Region of interest (ROI) is then 
segme ted b s  on the optimal threshold. 
 
Fig. 2 Flowchart of the proposed thresholding technique 
B. GLCM  
GLCM [17, 29] is a matrix of relative frequencies in which 
two neighbouring pixels separated by distance d, at angular 
orientationφ, occur in an image. One pixel is with gray level u 
and the other is with gray level v. The angular orientationφ is 
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direction. Suppose that the image has Ng resolution levels in 
which u represents the gray level of pixel I(x,y) and v 
represen s the gray level of the nearest-neighbour pixel φ,dv  
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For d=1, the eight nearest-neighbour orientation of φ 
corresponding to pixel I(x,y) can be illustrated in Fig. 3. 
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is because the background shares similar 
gray level values with certain brain 
structures. The technique for background 
removal can be found in [30]. Then, 
image enhancements are applied. Two 
different techniques are used, which are 
Gamma-law transformation algorithm 
and contrast stretching. The objective is 
to evaluate image enhancement that can 
provide better segmentation results for 
thresholding technique.
Gamma-law transformation algorithm 
is chosen to expand the narrow range 
of low input gray level values of DWI 
to a wider range. It has the basic form 
of s=crγ, where c is amplitude, and γ is 
a constant power of input gray level, r 
[31].  γ=0.4 has been found to be the best 
value based on experiments to enhance 
the output histogram [32]. The Gamma-
law transformation response is shown in 
Fig. 4.
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On the other hand, contrast stretching is applied to improve 
an image by stretching the range of intensity values. Unlike 
histogram equalization, contrast stretching is restricted to a 
linear mapping of input to output values. For each pixel, the 
input gray level, r is mapped to output, s according to equation 
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background in-homogeneity.  Thus, the images will have 
similar background value, with the average of 0.02. 
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Fig. 5 Image response for contrast stretching 
Fig. 5 shows image response of contrast stretching in which 
the original value, r is mapped to output value, s. Fig. 6 
illustrates the results of preprocessing steps. Fig. 6(a) shows 
the original normalized image and its histogram. In Fig. 6(b), 
all background pixels have been removed, and therefore 
improve the shape of the image histogram.  The maximum 
peak is located at 0.1.  After applying Gamma-law 
transformation algorithm, the histogram has been enhanced in 
which the peak is located at 0.4 as shown in Fig. 6(c).  On the 
other hand, the maximum peak is located at 0.2 for contrast 
stretching as shown Fig. 6(d). 
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V. SEGMENTATION PROCESS USING THRESHOLDING 
TECHNIQUE 
For the image segmentation process, firstly the entire image 
is divided by 8 x 8 regions where 256 x 256 pixels of the 
entire image is split to 16 x 16 pixels size in each region. Fig. 
7 shows the image splitting (block processing) with 16 x 16 
pixels size per segment.  
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Fig. 5 shows image response of contrast 
stretching in which the original value, r is 
mapped to output value, s. Fig. 6 illustrates 
the results of preprocessing steps. Fig. 
6(a) shows the original normalized 
image and its histogram. In Fig. 6(b), all 
background pixels have been removed, 
and therefore improve the shape of the 
ISSN: 2180 - 1843     Vol. 3     No. 2     July-December 2011
Journal of Telecommunication, Electronic and Computer Engineering
6
image histogram.  The maximum peak is 
located at 0.1.  After applying Gamma-law 
transformation algorithm, the histogram 
has been enhanced in which the peak is 
located at 0.4 as shown in Fig. 6(c).  On the 
other hand, the maximum peak is located 
at 0.2 for contrast stretching as shown Fig. 
6(d).
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background removal can be found in [30]. Then, image 
enhancements are applied. Two different techniques are used, 
which are Gamma-law transformation algorithm and contrast 
stretching. The objective is to evaluate image enhancement 
that can provide better segmentation results for thresholding 
technique. 
Gamma-law transformation algorithm is chosen to expand 
the narrow range of low input gray level values of DWI to a 
wider range. It has the basic form of s=crγ, where c is 
amplitude, and γ is a constant power of input gray level, r 
[31].  γ=0.4 has been found to be the best value based on 
experiments to enhance the output histogram [32]. The 
Gamma-law transformation response is shown in Fig. 4. 
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Fig. 4 Image response for gamma-law transformation 
On the other hand, contrast stretching is applied to improve 
an image by stretching the range of intensity values. Unlike 
histogram equalization, contrast stretching is restricted to a 
linear mapping of input to output values. For each pixel, the 
input gray level, r is mapped to output, s according to equation 
(5). 
 
s = ratio * r                                                                       (5) 
 
where ratio is: 
   
Background Image eStandardiz
Background Image Original=ratio
            (6)
 
Standardize Image Background = 0.02 is adopted for this 
experiment. This value is chosen to correct the image 
background in-homogeneity.  Thus, the images will have 
similar background value, with the average of 0.02. 
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Fig. 5 Image response for contrast stretching 
Fig. 5 shows image response of contrast stretching in which 
the original value, r is mapped to output value, s. Fig. 6 
illustrat s the results of preprocessi g steps. Fig. 6( ) shows 
the original normalized image and its histogram. In Fig. 6(b), 
all background pixels have been removed, and therefore 
improve the shape of the image histogram.  The maximum 
peak is located at 0.1.  After applying Gamma-law 
transfo mation algorith , the histogram has been enhanced in 
which the peak is located at 0.4 as shown in Fig. 6(c).  On the 
other hand, the maximum peak is located at 0.2 for contrast 
stretching as shown Fig. 6(d). 
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(d) Image and histogram of contrast stretching 
Fig. 6 Pre-processing steps 
V. SEGMENTATION PROCESS USING THRESHOLDING 
TECHNIQUE 
For the image segmentation process, firstly the entire image 
is divided by 8 x 8 regions where 256 x 256 pixels of the 
entire image is split to 16 x 16 pixels size in each region. Fig. 
7 shows the image splitting (block processing) with 16 x 16 
pixels size per segment.  
Maximum pixels 
distributions
Fig. 6 Pre-processing steps
v. segmentation proCess 
using thres oLDing 
teChniQue
For the image segmentation process, 
firstly the entire image is divided by 8 x 
8 regions where 256 x 256 pixels of the 
entire image is split to 16 x 16 pixels size 
in each region. Fig. 7 shows the image 
splitting (block processing) with 16 x 16 
pixels size per segment. 
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Fig. 7 Image splitting (16 x 16 pixels size per segment) 
Region 46 which is indicated by red circle is the lesion, 
examine by neuroradiologist.  Next, histogram is calculated at 
each region as shown in Fig. 8. The red circle shows the 
histogram distribution of lesion, whereas the others are 
histogram of normal brain area.  
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Fig. 8 Histogram distribution of each region 
Two histograms which are normal and abnormal (lesion) are 
then generated. All normal and abnormal regions are overlap 
respectively to find the maximum number of pixels at each 
intensity level. The maximum number of pixels is calculated 
by using the function shown in equation (7).  
 
n)),mR:1(R Max(PixelsPixels(n)Max  =                       (7) 
Where n is the intensity at level n, R1 and Rm are regions in 
the block histogram according to each intensity level. The 
purpose of overlapping the histogram for each block is to 
enhance the lesion for comparison with normal. This will 
produce a new histogram as shown in Fig. 9. The optimal 
threshold is determined by the ROI indicator, which the 
intensity level of normal histogram is reached zero pixels. 
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Fig 9 Optimal threshold with Gamma-law enhancement 
Fig. 10 shows the maximum block histogram, which is done 
by overlapping the histogram in all blocks including both 
normal and abnormal. By using the proposed technique, we 
can clearly characterize the lesion area because it has been 
enhanced. 
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Fig 10 Maximum block histogram 
The statistical features representing the hyperintense and 
hypointense regions are then calculated according to equation 
(8), where Toptimal is the threshold value to obtain the 
segmentation. 
          
 
      elsewhere  0
),(for   1
int),( ⎩⎨
⎧ ≥= optimalTyxIensehyperyxI     (8) 
VI.  SEGMENTATION PROCESS USING GLCM 
Fig. 11 shows an example of GLCM for image in Fig. 1(c). 
The image has hyperintense lesion due to acute infarction. The 
GLCM is computed for Ng=128, d=1 and at average 
orientations, and is represented in a contour plot. Colour 
intensity represents the co-occurrence frequencies, or the 
number of repetitions between each pixel pair, u and v. It can 
be seen that hypointense region and CSF occur at smaller co-
occurrence entry; normal brain tissue is located in the middle 
of the matrix, while hyperintense region exists at higher entry.  
The red dash-line shows a cross-section at u=v. At this line, 
the co-occurrence frequency is the highest. The plot also 
shows that the co-occurrence frequencies are diagonally 
symmetry and the gray level resolutions are brighter when the 
co-occurrence transitions increase off-diagonally with the 
matrix. 
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Fig. 7 Image s litting (  x 16 pixels size per 
segment)
Region 46 which is indicated by red circle 
is the lesion, examine by neuroradiologist. 
Next, histogram is calculated at each 
region as shown in Fig. 8. The red circle 
shows the histogram distribution of 
lesion, whereas the others are histogram 
of normal brain area.
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Fig. 7 Image splitting (16 x 16 pixels size per segment) 
Region 46 which is indicated by red circle is the lesion, 
examine by neuroradiologist.  Next, histogram is calculated at 
each region as shown in Fig. 8. The red circle shows the 
histogram distribution of lesion, whereas the others are 
histogram of norm l brain area.  
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Fig. 8 Histogram distribution of each region 
Two histograms which are normal and abnormal (lesion) are 
then generated. All normal and abnormal regions are overlap 
respectively to find the maximum number of pixels at each 
intensity level. The maximum number of pixels is calculated 
by using the function shown in equation (7).  
 
n)),mR:1(R Max(PixelsPixels(n)Max  =                      (7) 
Where n is the intensity at level n, R1 and Rm are regions in 
the block histogram according to each intensity level. The 
purpose of overlapping the histogram for each block is to 
enhance the lesion for comparison with normal. This will 
produce a new histogram as shown in Fig. 9. The optimal 
threshold is determined by the ROI indicator, which the 
intensity level of normal histogram is reached zero pixels. 
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Fig 9 Optimal threshold with Gamma-law enhancement 
Fig. 10 shows the maximum block histogram, which is done 
by overlapping the histogram in all blocks including both 
normal and abnormal. By using the proposed technique, we 
can clearly characterize the lesion area because it has been 
enhanced. 
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Fig 10 Maximum block histogram 
The statistical features representing the hyperintense and 
hypointense regions are then calculated according to equation 
(8), where Toptimal is the threshold value to obtain the 
segmentation. 
          
 
      elsewhere  0
),(for   1
int),( ⎩⎨
⎧ ≥= optimalTyxIensehyperyxI     (8) 
VI.  SEGMENTATION PROCESS USING GLCM 
Fig. 11 shows an example of GLCM for image in Fig. 1(c). 
The image has hyperintense lesion due to acute infarction. The 
GLCM is computed for Ng=128, d=1 and at average 
orientations, and is represented in a contour plot. Colour 
intensity represents the co-occurrence frequencies, or the 
number of repetitions between each pixel pair, u and v. It can 
be seen that hypointense region and CSF occur at smaller co-
occurrence entry; normal brain tissue is located in the middle 
of the matrix, while hyperintense region exists at higher entry.  
The red dash-line shows a cross-section at u=v. At this line, 
the co-occurrence frequency is the highest. The plot also 
shows that the co-occurrence frequencies are diagonally 
symmetry and the gray level resolutions are brighter when the 
co-occurrence transitions increase off-diagonally with the 
matrix. 
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Fig. 8 Histogram distrib tion of each region
Two histograms which are norm l and 
abnormal (lesion) are then generated. All 
normal and ab ormal regions are overlap 
respectively to find the maximum number 
of pi els at e ch intensity level. The 
maximum nu ber of pixels is calculated 
by using he fun tio shown in equation 
(7).
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Fig. 7 Image splitting (16 x 16 pixels size per segment) 
Region 46 which is indicated by red circle is the lesion, 
examine by neuroradiologist.  Next, histogram is calculated at 
each region as shown in Fig. 8. The red circle shows the 
histogram distribution of lesion, whereas the others are 
histogram of normal brain area.  
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Fig. 8 Histogram distribution of each region 
Two histograms which are normal and abnormal (lesion) are 
then generated. All normal and abnormal regions are overlap 
respectively to find the maximum number of pixels at each 
intensity level. The maximum number of pixels is calculated 
by using the function shown in equation (7).  
 
n)),mR:1(R Max(PixelsPixels(n)Max  =                       (7) 
Where n is the intensity at level n, R1 and Rm are regions in 
the block histogram according to each intensity level. The 
purpose of overlapping the histogram for each block is to 
enhance the lesion for comparison with normal. This will 
produce a new histogram as shown in Fig. 9. The optimal 
threshold is determined by the ROI indicator, which the 
intensity level of normal histogram is reached zero pixels. 
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Fig 9 Optimal threshold with Gamma-law enhancement 
Fig. 10 shows the maximum block histogram, which is done 
by overlapping the histogram in all blocks including both 
ormal and abnormal. By using the proposed technique, we 
can clearly characterize the lesion area because it has been 
enhanced. 
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Fig 10 Maximum block histogram 
The statistical features representing the hyperintense and 
hypointense regions are then calculated according to equation 
(8), where Toptimal is the threshold value to obtain the 
segmentation. 
          
 
      el ewhere  0
),(for   1
int),( ⎩⎨
⎧ ≥= optimalTyxIensehyperyxI     (8) 
VI.  SEGMENTATION PROCESS USING GLCM 
Fig. 11 shows an example of GLCM for imag  in Fig. 1(c). 
The image has hyperintense lesion due to acute infarction. The 
GLCM is computed for Ng=128, d=1 and at average 
rientations, and is represented in a con our plot. Colour 
intensity represents the co-occurrence frequencies, or the 
number of repetitions between each pixel pair, u and v. It can 
be seen that hypointense region and CSF occur at smaller co-
occurrence entry; normal brain tissue is located in the middle 
of the matrix, while hyperintense region exists at higher entry.  
The red dash-line shows a cross-section at u=v. At this line, 
the co-occurrence frequency is the highest. The plot also 
shows that the co-occurrence frequencies are diagonally 
symmetry and the gray level resolutions are brighter when the 
co-occurrence transitions increase off-diagonally with the 
matrix. 
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Fig. 7 Image splitting (16 x 16 pi els size per s gment) 
Region 46 which is indicated by red circle is the lesion, 
examine by neuroradi logist.  Next, histogram is calculated at 
each region as shown in Fig. 8. The red circle show  the 
histogram distribution of lesion, whereas the others are 
histogram of normal brain a ea.  
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Fig. 8 H stogram distribution of each r gion 
Two hist grams which are normal and ab ormal (l sion) ar  
then generated. All normal and ab ormal egions are overlap 
r spectively to find the maxi um n ber of pixels at each
intensity level. The maxi um n ber of pixels s calculated 
by using the function sh wn in equation (7).  
 
n)),mR:1(R Max(PixelsPixels(n)Max  =          (7)
Where n is the in ensity at level n, R1 and Rm are regions in 
the block histogram according to each intensity level. The 
purpose of overlapping the histogram for each block is to 
enhance the lesion for comparison with normal. This will 
produce a n w histogram as shown in Fig. 9. The optimal 
threshold is determin d by the ROI indicator, which the 
intensity level of normal histogram is reached zero pixels. 
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Fig 9 Optimal threshold with Gamma-law enhanceme t 
Fig. 10 show  the maxi um block histogram, which is done
by overlapping the histogram in all blocks including both 
normal and abnormal. By using the proposed technique, we 
can clearly chara terize the lesion area bec us  it has been 
enhanced. 
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Fig 10 Maximum block histogram 
The statistical features repres nting the hyperintense a d 
hypointense regio s ar  then calculated according to quation 
(8), where Toptimal is the thr shold value to obtain he 
segmentatio . 
         
 
      elsewhere  0
),(for   1
i),( ⎩⎨
⎧ ≥= optimalTyxIensehyperyxI     (8)
VI.  SEGMENTATION PR CESS USING GLCM 
Fig. 11 show  an ex mple of GLCM for image in Fig. 1(c)
The image h s hyperintense l sion due to acute infarction. The 
GLCM is computed for Ng=128, d=1 and t average 
ori ntat o s, a d is r pres nt d in a contour plot. C lour 
intensity repr s nts the co-oc urrence f quencies, or the 
nu ber of repetitions between each pixel air, u and v. It can 
be seen that hypointense region and CSF occur at sm ller co-
occurrence try; ormal brain tissue is located in the middle 
of the matrix, while hyp rintense region exists at higher entry.  
The red dash-line show  a cross-section at u=v. At this line,
the co-oc urrence frequency is the highest. The plot also
show  that e co-oc urrence frequencies ar  diagonally 
symmetry and the gray level r so utions are brighter wh n the 
co-oc urrence transi io  increase off-diagonally with the 
matrix. 
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Where n is the intensity at level n, R1 and 
Rm are regions in the block histogram 
according to each intensity level. The 
purpose of overlapping the histogram 
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for each block is to enhance the lesion 
for comparison with normal. This will 
produce a new histogram as shown in Fig. 
9. The optimal threshold is determined 
by the ROI indicator, which the intensity 
level of normal histogram is reached zero 
pixels.
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Fig. 7 Image splitting (16 x 16 pixels size per segment) 
Region 46 which is indicated by red circle is the lesion, 
examine by neuroradiologist.  Next, histogram is calculated at 
each region as shown in Fig. 8. The red circle shows the 
histogram distribution of lesion, whereas the others are 
histogram of normal brain area.  
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Fig. 8 Histogram distribution of each region 
Two histograms which are normal and abnormal (lesion) are 
then generated. All normal and abnormal regions are overlap 
respectively to find the maximum number of pixels at each 
intensity level. The maximum number of pixels is calculated 
by using the function shown in equation (7).  
 
n)),mR:1(R Max(PixelsPixels(n)Max  =                       (7) 
Where n is the intensity at level n, R1 and Rm are regions in 
the block histogram according to each intensity level. The 
purpose of overlapping the histogram for each block is to 
enhance the lesion for comparison with normal. This will 
produce a new histogram as shown in Fig. 9. The optimal 
threshold is determined by the ROI indicator, which the 
intensity level of normal histogram is reached zero pixels. 
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Fig 9 Optimal threshold with Gamma-law enhancement 
Fig. 10 shows the maximum block histogram, which is done 
by overlapping the histogram in all blocks including both 
normal and abnormal. By using the proposed technique, we 
can clearly characterize the lesion area because it has been 
enhanced. 
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Fig 10 Maximum block histogram 
The statistical features representing the hyperintense and 
hypointense regions are then calculated according to equation 
(8), where Toptimal is the threshold value to obtain the 
segmentation. 
          
 
      elsewhere  0
),(for   1
int),( ⎩⎨
⎧ ≥= optimalTyxIensehyperyxI     (8) 
VI.  SEGMENTATION PROCESS USING GLCM 
Fig. 11 shows an example of GLCM for image in Fig. 1(c). 
The image has hyperintense lesion due to acute infarction. The 
GLCM is computed for Ng=128, d=1 and at average 
orientations, and is represented in a contour plot. Colour 
intensity represents the co-occurrence frequencies, or the 
number of repetitions between each pixel pair, u and v. It can 
be seen that hypointense region and CSF occur at smaller co-
occurrence entry; normal brain tissue is located in the middle 
of the matrix, while hyperintense region exists at higher entry.  
The red dash-line shows a cross-section at u=v. At this line, 
the co-occurrence frequency is the highest. The plot also 
shows that the co-occurrence frequencies are diagonally 
symmetry and the gray level resolutions are brighter when the 
co-occurrence transitions increase off-diagonally with the 
matrix. 
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Fig 9 Optimal threshold with Gamma-law 
enhancement
Fig. 10 shows the maximum block 
histogram, which is done by overlapping 
the histogram in all blocks including 
both normal and abnormal. By using 
the proposed technique, we can clearly 
characterize the lesion area because it has 
been enhanced. 
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Fig. 7 Image splitting (16 x 16 pixels size per segment) 
Region 46 which is indicated by red circle is the lesion, 
examine by neuroradiologist.  Next, histogram is calculated at 
each region as shown in Fig. 8. The red circle shows the 
histogram distribution of lesion, whereas the others are 
histogram of normal brain area.  
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Fig. 8 Histogram distribution of each region 
Two histograms which are normal and abnormal (lesion) are 
then generated. All normal and abnormal regions are overlap 
respectively to find the maximum number of pixels at each 
intensity level. The maximum number of pixels is calculated 
by using the function shown in equation (7).  
 
n)),mR:1(R Max(P xelsPix ls(n)Max  =                       (7) 
Where n is the intensity at level n, R1 and Rm are regions in 
the block histogram according to each intensity level. The 
purpose of overlapping the histogram for each block is to 
enhance the lesion for comparison with normal. This will 
produce a new histogram as shown in Fig. 9. The optimal 
threshold is determined by the ROI indicator, which the 
intensity level of normal histogram is reached zero pixels. 
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Fig 9 Optimal threshold with Gamma-law enhancement 
Fig. 10 shows the maximum block histogram, which is done 
by overlapping the histogram in all blocks including both 
normal and abnormal. By using the proposed technique, we 
can clearly characterize the lesion area because it has been 
enhanced. 
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Fig 10 Maximum block histogram 
The statistical features representing the hyperintense and 
hypointense regions are then calculated according to equation 
(8), where Toptimal is the threshold value to obtain the 
segmentation. 
          
 
      elsewhere  0
),(for   1
int),( ⎩⎨
⎧ ≥= optimalTyxIensehyperyxI     (8) 
VI.  SEGMENTATION PROCESS USING GLCM 
Fig. 11 shows an example of GLCM for image in Fig. 1(c). 
The image has hyperintense lesion due to acute infarction. The 
GLCM is computed for Ng=128, d=1 and at average 
orientations, and is represented in a contour plot. Colour 
intensity represents the co-occurrence frequencies, or the 
number of repetitions between each pixel pair, u and v. It can 
be seen that hypointense region and CSF occur at smaller co-
occurrence entry; normal brain tissue is located in the middle 
of the matrix, while hyperintense region exists at higher entry.  
The red dash-line shows a cross-section at u=v. At this line, 
the co-occurrence frequency is the highest. The plot also 
shows that the co-occurrence frequencies are diagonally 
symmetry and the gray level resolutions are brighter when the 
co-occurrence transitions increase off-diagonally with the 
matrix. 
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Fig 10 Maximum block histogram
The statistical features representing the 
hyperintense nd hypointense regions 
are then calculated according to equation 
(8), where Toptimal is the thresh ld value to 
obtain th  segm ntation.
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Fig. 7 Image splitting (16 x 16 pixels size per segment) 
Region 46 which is indicated by red circle is the lesion, 
examine by neur radiologist.  Next, histogram is c lculated at 
each region as shown i  Fig. 8. Th  red circle shows the 
histogram distribution of lesion, whereas the others are 
histogram of normal brain area.  
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Fig. 8 Histogram distribution of each region 
Two histograms which ar  normal and abnormal (lesion) are 
then generated. All normal a d abnormal regions are overlap 
respectively to find the maximum number of pixels at each 
intensity level. The maximum number of pixels is calculated 
by using the function shown in equation (7).  
 
n)),mR:1(R Max(PixelsPixels(n)Max  =                      (7) 
Where n is the intensity at level n, R1 and Rm are regions in 
the block histogram according to each intensity level. The 
purpose of overlapping the histogram for each block is to 
enhance the lesion for comparison with normal. This will 
produce a new histogram as shown in Fig. 9. The optimal 
threshold is determined by the ROI indicator, which the 
intensity level of normal histogram is reached zero pixels. 
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0
5
10
15
20
25
 
Fig 9 Optimal threshold with Gamma-law enhancement 
Fig. 10 shows the maximum block hist gram, which is done 
by ove lappi g the histogram in all blocks including both 
normal and ab ormal. By using the proposed technique, we 
can clearly characterize the lesion area because it has been 
enhanced. 
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Fig 10 Maximum block histogram 
The statistical features representing the hyperinte se and 
hypointense regions are then calculated according to equation 
(8), where Toptimal is the threshold value to obtain the 
segmentation. 
          
 
     elsewhere  0
),(for   1
int),( ⎩⎨
⎧ ≥= optimalTyxIensehyperyxI     (8) 
VI.  SEGMENTATION PROCESS USING GLCM 
Fig. 11 shows an example of GLCM for image in Fig. 1(c). 
The image has hyperintense lesion due to acute infarction. The 
GLCM is computed for Ng=128, d=1 and at average 
orientations, nd is represented in a contour plot. Colour 
intensity represents the co-occurrence frequencies, or the 
number of repetitions between each pixel pair, u and v. It can 
b seen that hypointense region and CSF occur at smaller co-
occurrence entry; normal brain tissue is located in the middle 
of the matrix, while hyperintense region exists at higher entry.  
The red dash-line shows a cross-section at u=v. At this line, 
the co-occurrence frequency is the highest. The plot also 
shows that the co-occurrence frequencies are diagonally 
symmetry and the gray level resolutions are brighter when the 
co-occurrence transitions increase off-diagonally with the 
matrix. 
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Fig. 7 Image splitting (16 x 16 pixels size p r segment) 
Region 46 which is indicated by red cir le is the lesion, 
examine by neuroradiologist.  Next, histogram is cal ulated at
each region as shown in Fig. 8. The red cir le shows the 
histogram distribution of lesion, whereas the others are 
histogram of normal brain area.  
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Fig. 8 Histogram distribution f each region 
Two histograms which are normal nd abnormal (lesion) are 
then gen rated. All ormal nd abnormal regions are overla  
respectively to find the maximu  number of pixels at each 
intensity lev l. The maximu  number of pixels i cal ulated 
by using the function shown i equation (7).  
 
n)),mR:1(R Max(PixelsPixels(n)Max  =     (7) 
Where n is the intensity at lev l n, R1 and Rm are gions in
the block histogram according to each intensity lev l. The 
purpose of overlapping the histogram for each block is to 
enhance the lesion for comparison with normal. This will 
produce a new histogram as shown in Fig. 9. The optimal 
threshold is determined by the ROI indicator, which the 
intensity lev l of normal histogram is reached zero pixels. 
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Fig 9 Optimal threshold with Gamma-law enhancem nt 
Fig. 10 shows the maximu  block histogram, which is done 
by overlapping the histogram in all blocks including both 
normal nd abnorm l. By using the prop sed technique, we 
can clearly characterize the l sion area because it has been 
nhanced. 
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Fig 10 Maximu  block histogram 
The st tistical features representi g the hyperintense a d 
hypointense r gions are then cal ulated according to equation 
(8), where Toptimal is the threshold value to obtain the 
segmentation. 
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⎧ ≥= optimalTyxIenshypeyxI     (8) 
VI.  SEGMENTA ION PROCESS USING GLCM 
Fig. 11 shows an example of GLCM for image in Fig. 1(c). 
The image has hyperintense l sion due to acute infarction. The 
GLCM is computed for Ng=128, d=1 and at av rage 
orientations, and is r presented in a c ntour plo . Co our 
intensity represents the co-occurrence frequencies, or the 
number of rep titions between each pixel pair, u and v. It can 
be s en that hypointense r gion and CSF occur at smaller co-
occurrence entry; normal brain tissue is located in the middle 
of the matrix, while hyperintense r gion exists at higher ntry.  
The r d ash-line shows a cross- ection at u=v. At this line, 
the co-occurrence frequency is the highest. The plot also 
shows that he co-occurrence frequencies are diagonally 
symmetry and the gray lev l resolutions are brighter when the 
co-occurrence transitions increase off-diagonally with the 
matrix. 
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vi.  segmentation proCess 
using gLCm
Fig. 11 shows an example of GLCM 
for image in Fig. 1(c). The image has 
hyperintense lesion due to acute 
infarction. The GLCM is computed for 
Ng=128, d=1 and at average orientations, 
and is represented in a contour plot. 
Colour intensity represents the co-
occurrence frequencies, or the number of 
repetitions between each pixel pair, u and 
v. It can be seen that hypointense region 
and CSF occur at smaller co-occurrence 
entry; normal brain tissue is located in the 
middle of the matrix, while hyperintense 
region exists at higher entry.  The red 
dash-line shows a cross-section at u=v. At 
this line, the co-occurrence frequency is 
the highest. The plot also shows that the 
co-occurrence frequencies are diagonally 
symmetry and the gray level resolutions 
are brighter when the co-occurrence 
transitions increase off-diagonally with 
the matrix.
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Fig. 11  GLCM for DWI in Fig. 1(c)
A. Minimum and Maximum Threshold 
The GLCM G(u,v) is basically shows a representation of a 
second-order histogram in which the (u,v)th element is the 
frequency that pixel pair u co-occurs with v. GLCM cross-
section can be constructed in which each entry at u=v is 
plotted versus the frequency. Fig. 12 shows the GLCM cross-
section from the contour plot in Fig. 11.  
The maximum peak of the cross-section shows the normal 
brain region. The CSF and the hyperintense lesion are 
indicated by very small peaks at the smaller and higher entry, 
respectively. The magnitudes of the peaks depend on the size 
of lesions. To find the minimum and maximum   threshold 
values, the gradient function, or the divergence slope is 
calculated. The gradient reach maximum when the GLCM 
frequency is the greatest rate of change, and vice versa. The 
minimum and maximum threshold (T1 and T2) is set at the first 
zero-gradient before and after the maximum peak, 
respectively.  
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Fig. 12  GLCM Cross-section and the divergence slope to 
determine the minimum and maximum threshold values  
B. Region and Boundary Information from GLCM  
In this research, the region and boundary information are 
based on the partition of nine regions, which are separated by 
the minimum and maximum threshold values, T1 and T2. 
Referring to Fig. 13, region 1 represents hypointense; region 2 
represents normal brain tissue while region 3 represents 
hyperintense. The boundary between each region is then 
represented in region 1, 2; 1, 3 and 2, 3. Each boundary has 
two regions due to the symmetrical feature of the GLCM. 
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C. Segmentation 
The statistical features representing the hyperintense and 
hypointense regions are then calculated according to equation 
(9) and (10) as follow: 
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where G(u,v)3 and G(u,v)1 is the region for hyperintense and 
hypointense, respectively. Segmentation image for 
hyperintense and hypointense lesions are then computed. For 
hyperintense, its segmentation image I3(x,y) is computed for 
1≤x≤Nx ; 1≤y≤Ny  and   0≤u,v≤Ng-1, as below: 
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where u=I(x,y) and v is the nearest-neighbour pixels as in 
equation (3). Similar computation can be done for the 
hypointense lesion. In general, the example of the 
segmentation for d=1 and φ=0o is as follow: 
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a. inimum and maximum 
threshold
The GLCM G(u,v) is ba ically shows 
a representation of a second-order 
histogram in which the (u,v)th element 
is the frequency that pixel pair u co-
occurs with v. GLCM cross-section can 
be constructed in which each entry at u=v 
is plotted versus the frequency. Fig. 12 
shows the GLCM cross-section fro  the 
contour plot in Fig. 11. 
The maximum peak of the cross-section 
shows the norm l brain egion. The CSF 
and the hyperintense lesion are indicated 
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by very small peaks at the smaller and 
higher entry, respectively. The magnitudes 
of the peaks depend on the size of lesions. 
To find the minimum and maximum 
threshold values, the gradient function, 
or the divergence slope is calculated. 
The gradient reach maximum when the 
GLCM frequency is the greatest rate of 
change, and vice versa. The minimum 
and maximum threshold (T1 and T2) is set 
at the first zero-gradient before and after 
the maximum peak, respectively. 
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Fig. 11  GLCM for DWI in Fig. 1(c)
A. Minimum and Maximum Threshold 
The GLCM G(u,v) is basically shows a representation of a 
second-order histogram in which the (u,v)th element is the 
frequency that pixel pair u co-occurs with v. GLCM cross-
section can be constructed in which each entry at u=v is 
plotted versus the frequency. Fig. 12 hows the GLCM cross-
section from the contour plot in Fig. 11.  
The maximum peak of the cross-section shows the normal 
brain region. The CSF and the hyperintense lesion are 
indicated by very small peaks at the smaller and higher entry, 
respectively. The magnitudes of the peaks depend on the size 
of lesions. To find the minimum and maximum  threshold 
values, the gradient function, or the divergence slope is 
calculated. The gradient reach maximum when the GLCM 
frequency is the greatest rate of change, and vice versa. The 
minimum and maximum threshold (T1 and T2) is set at the first 
zero-gradient before and after the maximum peak, 
respectively.  
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Fig. 12  GLCM Cross-section and the divergence slope to 
determine the minimum and maximum threshold values  
B. Region and Boundary Information from GLCM  
In this research, the region and boundary information are 
based on the partition of nine regions, which are separated by 
the minimum and maximum threshold values, T1 and T2. 
Referring to Fig. 13, region 1 represents hypointense; region 2 
represents normal brain tissue while region 3 represents 
hyperintense. The boundary between each region is then 
represented in region 1, 2; 1, 3 and 2, 3. Each boundary has 
two regions due to the symmetrical feature of the GLCM. 
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C. Segmentation 
The statistical features representing the hyperintense and 
hypointense regions are then calculated according to equation 
(9) and (10) as follow: 
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where G(u,v)3 and G(u,v)1 is the region for hyperintense and 
hypointense, respectively. Segmentation image for 
hyperintense and hypointense lesions are then computed. For 
hyperintense, its segmentation image I3(x,y) is computed for 
1≤x≤Nx ; 1≤y≤Ny  and   0≤u,v≤Ng-1, as below: 
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where u=I(x,y) and v is the nearest-neighbour pixels as in 
equation (3). Similar computation can be done for the 
hypointense lesion. In general, the example of the 
segmentation for d=1 and φ=0o is as follow: 
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Fig. 12  GLCM Cross-section and the 
divergence slope to determine the minimum 
and maximum threshold values
B. region and Boundary information 
from gLCm 
In this research, the region and boundary 
information are based on the partition 
of ine re i s, which are separated by 
the minimum and maximum thr shold 
values, T1 and T2. Referring to Fig. 13, 
region 1 represents hypointense; region 
2 represents normal brain tissue while 
region 3 represents hyperintense. The 
boundary between each region is then 
represented in region 1, 2; 1, 3 and 2, 3. 
Each boundary has two regions due to the 
symmetrical feature of the GLCM.
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Fig. 11  GLCM for DWI in Fig. 1(c)
A. Minimum and Maximum Threshold 
The GLCM G(u,v) is basically shows a representation of a 
second-order histogram in which the (u,v)th element is the 
frequency that pixel pair u co-occurs with v. GLCM cross-
section can be constructed in which each entry at u=v is 
plotted versus the frequency. Fig. 12 shows the GLCM cross-
section from the contour plot in Fig. 11.  
The maximum peak of the cross-section shows the normal 
brain region. The CSF and the hyperintense lesion are 
indicated by very small peaks at the smaller and higher entry, 
respectively. The magnitudes of the peaks depend on the size 
of lesions. To find the minimum and maximum   threshold 
values, the gradient function, or the divergence slope is 
calculated. The gradient reach maximum when the GLCM 
frequency is the greatest rate of change, and vice versa. The 
minimum and maximum threshold (T1 and T2) is set at the first 
zero-gradient before and after the maximum peak, 
respectively.  
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determine the minimum and maximum threshold values  
B. Region and Boundary Information from GLCM  
In this research, the region and boundary information are 
based on the partition of nine regions, which are separated by 
the minimum and maximum threshold values, T1 and T2. 
Referring to Fig. 13, region 1 represents hypointense; region 2 
represents normal brain tissue while region 3 represents 
hyperintense. The boundary between each region is then 
represented in region 1, 2; 1, 3 and 2, 3. Each boundary has 
two regions due to the symmetrical feature of the GLCM. 
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Fig. 13  Gray level region and boundary information
C. Segmentation 
The statistical features representing the hyperintense and 
hypointense regions are then calculated according to equation 
(9) and (10) as follow: 
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where G(u,v)3 and G(u,v)1 is the region for hyperintense and 
hypointense, respectively. Segmentation image for 
hyperintense and hypointense lesions are then computed. For 
hyperintense, its segmentation image I3(x,y) is computed for 
1≤x≤Nx ; 1≤y≤Ny  and   0≤u,v≤Ng-1, as below: 
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where u=I(x,y) and v is the nearest-neighbour pixels as in 
equation (3). Similar computation can be done for the 
hypointense lesion. In general, the example of the 
segmentation for d=1 and φ=0o is as follow: 
 
loop end
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Fig. 13  Gray level region and boundary 
information
C. segmentation
The statistical features representing the 
hyperintense and hypointense regions 
are then calculated according to equation 
(9) and (10) as follow:
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A. Minimum and Maxim m Threshold 
The GLCM G(u,v) s basically shows a representation of a 
second-order histogram in whic  the (u,v)th element is the 
frequency that pixel pair u co-occurs with v. GLCM cross-
section can be constructed in which each entry at u=v is 
plotted versus the frequency. Fig. 12 shows the GLCM cross-
section from the contour plot in Fig. 11.  
The maximum peak of the cross-section shows the normal 
brain region. The CSF and the hy rintense lesion are 
indicated by very small peaks at the smaller and higher entry, 
respectively. The magnitudes of th peaks depend on the size 
of lesions. To find the minimum and maximum   threshold 
values, the gradient function, or the divergence slope is 
calculated. The gradient reach maximum when the GLCM 
frequency is the greatest rate of change, and vice versa. The 
minimum and maximum threshold (T1 and T2) is set at the first 
zero-gradient before and after the maximum peak, 
respectively.  
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B. Region and Boundary Information from GLCM  
In this research, the region and boundary information are 
based on the partition of nine regions, which are separated by 
the minimum and maximum threshold values, T1 and T2. 
Referring to Fig. 13, region 1 represents hypointense; region 2 
represents normal brain tissue while region 3 represents 
hyperintense. The boundary betw en each region is then 
represented in region 1, 2; 1, 3 and 2, 3. Each boun ary has 
two regions due to the symmetrical feature of the GLCM. 
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Fig. 13  Gray level region and boundary information
C. Segmentation 
The statistical features representing the hyperintense and 
hypointense regions are then calculated according to equation 
(9) and (10) as follow: 
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where G(u,v)3 and G(u,v)1 is the region for hyperintense and 
hypointense, respectively. Segmentation image for 
hyperintense and hypointense lesions are then computed. For 
hyperintense, its segmentation image I3(x,y) is computed for 
1≤x≤Nx ; 1≤y≤Ny  and   0≤u,v≤Ng-1, as below: 
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where u=I(x,y) and v is the nearest-neighbour pixels as in 
equation (3). Similar computation can be done for the 
hypointense lesion. In general, the example of the 
segmentation for d=1 and φ=0o is as follow: 
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Fig. 11  GLCM for DWI in Fig. 1(c)
A. Minimum and ax  Threshold 
The GLCM G(u,v) is basically shows a repre entation of a 
second-order hist gram in which the (u,v)th ele ent is the 
frequency that pixel pair u co-occurs with v. GLCM cross-
section can be onstructed in which ach entry at u=v is 
plotted versus the frequ ncy. Fig. 12 shows the GLCM cross-
section from the ontour plot in Fig. 11.  
The maximum peak of the cross-section shows the normal 
brain region. The CSF an  the hyperinte se lesion are 
indicated by very small eaks at the smaller and higher entry, 
respectively. The magnitudes of the peaks depend on the size 
of lesions. To find the minimum and maximum   threshold 
values, the gradient function, or the divergence slope is 
calculated. The gradient reach maximum when the GLCM 
frequency is the greatest rate of change, and vice versa. The 
minimum and maximum threshold (T1 and T2) is set at the first 
zero-gradient before and after the maximum peak, 
respectively.  
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Fig. 12  GLCM Cross-section and the divergence slope to 
determine the minimum and maximum threshold values  
B. Region and Boundary Information from GLCM  
In this research, the region and bou dary information 
based on the partition of nine regions, which are eparated by 
the minimum and maximum threshold values, T1 and T2. 
Referring to Fig. 13, regio  1 represents hypointense; region 2 
represents normal brai  tissue while regio  3 represents 
hyperintense. The boun ary b tw en each region is then 
represented in region 1, 2; 1, 3 and 2, 3. Each boundary has 
two regions due to the symmetrical feature of the GLCM. 
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Fig. 13  Gray level region and boundary information
C. Segmentation 
The statistical features repr senting the hyperintense and 
hypointense regi ns are then calcula ed a cording to equation 
(9) and (10) as follow: 
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where G(u,v)3 and G(u,v)1 is the region for hyperintense and 
hypointense, respectively. Segmentation image for 
hyperintense and hypointense lesions are then computed. For 
hyperintense, its segmentation image I3(x,y) is computed for 
1≤x≤Nx ; 1≤y≤Ny  and   0≤u,v≤Ng-1, as below: 
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oo
oo
dd
dd
vuGvuG
vuGvuGvuG
135,390,3
45,30,33
,),(,),(               
,),(,),(),(
++
+=
        (12) 
 
wher  u=I(x,y) and v is the nearest-neighbour pixels as in 
equation (3). Similar computation can be done for the 
hypointense lesion. In general, the example of the 
segmentation for d=1 and φ=0o is as follow: 
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where G(u,v)3 and G(u,v)1 is the region 
for hyperinten e nd hypointense, 
respectively. Segm ntation image f
hyperintense and hypointense lesions 
are then computed. For hyperintense, its 
segmentation image I3(x,y) is computed 
for 1≤x≤Nx ; 1≤ ≤Ny  and   0≤u,v≤Ng-1, as 
below:
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Fig. 11  GLCM for DWI in Fig. 1(c)
A. Minimum and Maximum T r shold 
The GLCM G(u,v) is basically shows a representation of a 
second-order histogram in which he (u,v)th elem nt is th  
frequency that pixel pair u co-occurs with v. GLCM cross-
section can be constructed in which each entry at u=v is 
plotted versus the frequency. Fig. 12 shows the GLCM cross-
section from the contour plot in Fig. 11.  
The maximum peak of the cross-section shows the normal 
brain region. The CSF and the hyperintense lesion are 
indicated by very small peaks at the smaller and higher entry, 
respectively. The m gnitudes of t e peaks depend on the size 
of lesions. T  fin  the minimum and maximum   threshold 
values, the gradient function, or the divergence slope is 
calculated. The gradient reach maximum when the GLCM 
frequency is the greatest rate of change, and vice versa. The 
minimum and maximum threshold (T1 and T2) is set at the first 
zero-gradient before and after the maximum peak, 
respectively.  
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B. Region and Boundary Information from GLCM  
I  this research, the region and boundary inform tion are 
based on the partition of nine regions, which are separated by 
the minimum and maximum threshold values, T1 and T2. 
Referring to Fig. 13, region 1 represents hypointense; region 2 
represents normal brain tissue while region 3 represents 
hyperintense. The boundary between each region is then 
represented in region 1, 2; 1, 3 and 2, 3. Each boundary has 
two regions due to the symmetrical feature of the GLCM. 
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Fig. 13  Gray level region and boundary information
C. Segmentation 
The statistical features rep esenting the hyperintense and 
hypointense regions are then calculated according to equation 
(9) and (10) as follow: 
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where G(u,v)3 and G(u,v)1 is the region for hyperintense and 
hypointense, respectively. Segmentation image for 
hyperintense and hypointense lesions are then computed. For 
hyperintense, its segmentation image I3(x,y) is computed for 
1≤x≤Nx ; 1≤y≤Ny  and   0≤u,v≤Ng-1, as below: 
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where u=I(x,y) and v is the nearest-neighbour pixels as in 
equation (3). Similar computation can be done for the 
hypointense lesion. In general, the example of the 
segmentation for d=1 and φ=0o is as follow: 
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Fig. 11  GLCM for DWI in Fig. 1(c)
A. Minimum nd Max mum Thr sh ld
The GLCM G(u,v) is basical y shows a epresent tion of a 
second-order histogram in which the (u,v)th element is the 
frequency that pixel p ir u co-occurs with v. GLCM cross-
section can be constructed in which each entry at u=v is 
plotted versus the freq ency. Fig. 12 shows the GLCM cross-
section from the contour plot in Fig. 11.  
The maximum peak of the cross-s ction hows the normal 
brain region. Th  CSF and t  hyp rint nse lesion are 
indicated by very small p ak at t e sm ller nd hig er entry, 
respectively. The magnitudes of the p aks depend on the size 
of lesions. To f nd the mi imum and aximu    threshold
values, the gradient funct o , or the divergence slop  is 
calculated. The gradient reach maxi um when the GLCM 
frequency is the greatest rate of change, and vic  versa. The 
minimum and aximum threshold (T1 and T2) is set at the firs  
zero-gradient before and after the aximum peak, 
respectively.  
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Fig. 12  GLCM Cross-section and the divergence slope to 
d termine the minimu  and maxi um t reshold values  
B. Region and Bou d ry Inform tion ro  GLCM  
In this research, th  regi  and bou d ry information are 
based on th  partition f nine regio s, which are separated by 
the minimum and maximum threshold values, T1 nd T2. 
Referring to Fig. 13, region  represents hypointense; region 2 
represents normal brain tissue while r gion 3 r presents 
hyperintense. The boundary etween each r gion is then 
represented in region 1, 2; 1, 3 and 2, 3. Each bound ry has 
two regions due to the symmetrical feature of the GLCM. 
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C. Segmentation 
The statistical featur s representing the hyperint nse and 
hypoi t n e r gions are then calculat d according to equation 
(9) a d (10) as follow:
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where G(u,v)3 and G(u,v)1 is the region for hyperintense and 
hypointense, respectively. Segmentation image for 
hyperintense and hypointense les ons are then comput d. For 
hyperintense, its s gmentation image I3(x,y) is computed f r
1≤x≤Nx ; 1≤y≤Ny  and   0≤u,v≤Ng-1, as below: 
 
∑∑
= = ⎩
⎨⎧
>=
x yN
x
N
y
vu
yxI
1 1
3
3 elsewhere   0
0 ),G(   if    1
),(
         (11) 
 
G( ,v)3 is the sum of angular rie tations, such that  
 
oo
oo
dd
dd
vuGvuG
vGvuG
135,390,3
45,30,3
,),(,),(               
,),(,,),(
++
+=
       (12) 
 
where u=I(x,y) and v is the neares -neighbour pixels as in 
equation (3). Similar computation can be done for the 
hypointense lesio . In general, the exampl  of the 
segmentation for d=1 and φ=0o is as follow:
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Fig. 11  GLCM for DWI in F g. 1(c)
A. Minimum and Maximum Threshold 
Th  GLCM G(u,v) is ba ically shows a representation f a 
ond- rder hist gram n whic  the (u,v)th element is the
frequency that pixel pair u co-occur  with v.  
can be structed which each entry at u=v is 
plotted v rsus the frequency. Fig. 12 shows t e GLCM cross-
section from the contour plot in Fig. 11.  
The maxim m pe k of th  cross-sect on shows the normal
brain regio . The CSF and th  hyperinte e lesion ar
indicate  by very s all peaks at the smaller and highe  ent y,
resp ct vely. The magnitudes of the peaks d pend on t e size
of l sions o find th  m nimum and maximum   threshold
values, the gradi nt function, or the divergence slope is
calcul ted. The gradient re ch maximum when he GLCM
frequency is the gre test ra e of ch nge, and vice versa. The
minimum and maximum threshold (T1 and T2) is set at the first 
zero-gradient before and after the maximum peak, 
respectively.  
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B. Region and Boundary Information from GLCM  
In this research, the regi n and boundary information are
bas d on th  partition of nine regi s, w ich are sepa ated by
the i imum and m ximum threshold values, T1 and T2.
Ref ring t  Fig. 13, r gion 1 repres nts hypoin ense; region 2
s normal br in tissue w ile region 3 represent
hyperinte e. The boundary betw n ach r gion is then 
represented in region 1, 2; 1, 3 and 2, 3. Each boundary has 
two regions due to the symmetrical feature of the GLCM. 
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Fig. 13  Gray level region and boundary information
C. Segmentation 
The statistical features re resenting the hyperintense and 
hypointense r gions are then calculated according to equation 
(9) and (10) as follow: 
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where u=I(x,y) and v is the ne rest-neighbour pixels as in 
equation (3). Similar computation can be done for the 
hypointense lesion. In general, the example of the 
segmentati n for d=1 and φ=0o is as follow: 
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A. Minimum and Maximum Threshold 
Th  GLCM G(u,v) is basi ally shows a representation f a 
ond-order hist gram in which the (u,v)th element is the
frequency that pixel pair u co-occur  with v. 
can be structed i  which each entry at u=v is 
plott d versus the frequency. Fig. 12 shows t e GLCM c oss-
section from the cont ur plot in Fig. 11.  
The maximum peak of the cross-section shows the n rmal
brain region. The CSF and the hyperintense lesion ar
indicated by very small peaks at the smaller a  highe  entry, 
resp ctively. The magnitudes of the peaks d pend on the size
of lesions o find the mi imu  and aximu    threshold 
values, the gradient functio , or the div rgence slope is
calculated. The gradient reach aximum when he GLCM 
frequency is the greatest rate of change, and vice versa. The 
minimum and aximum threshold (T1 and T2) is set at the first 
zero-gradient before and after the maximum peak, 
respectively.  
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B. Region and Bou dary Inform tion fro  GLCM  
In this research, the region and bou dary information are
bas d on the partition of nine regio s, w ich ar  sepa ated by
the mi imum and m xi um threshold values, T1 and T2.
Ref ring to Fig. 13, region 1 repres nts hypointense; region 2
s normal brain tissue while region 3 represent
hyperinte e. The boundary betw en ach region is then 
represented in region 1, 2; 1, 3 and 2, 3. Each boundary has 
two regions due to the symmetrical feature of the GLCM. 
averaged GLCM contour plot
20 40 60 80 100 120
20
40
60
80
100
120
Fig. 13  Gray level region and boundary information
C. Segmentation 
The statistical features representing the hyperintense and 
hypointense regions are then calculated according to equation 
(9) and (10) as follow: 
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hyperintense, its segmentation image I3(x,y) is computed f r 
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where u=I(x,y) and v is the ne rest-n ighbour pixels as in
equation (3). Similar comput tion can be done for the 
hypointense lesio . In general, the example of the 
segmentation for d=1 and φ=0o is as follow: 
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where u=I(x,y) and v is the nearest-
neighbour pixels as in equation (3). 
Similar computation can be done for 
the hypointense lesion. In general, the 
example of the segmentation for d=1 and 
φ=0o is as follow:
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A. Minimum and Maximum Threshol
Th  GLCM G(u,v) is basically shows  repres ntation of a 
second-order histogram in w ich the (u,v)th elem nt is the 
frequency that pixel pair u co-occurs with v. GLCM cross-
section can be constructed in which each entry at u=v is 
plotted versus the frequency. Fig. 12 shows the GLCM cross-
section from the contour plot in Fig. 11.  
The maximum peak of the cross-section shows the normal 
brain region. The CSF and the hyperintense lesion are 
indicated by very small peaks at the smaller and higher entry, 
respectively. The magnitudes of the peaks depend on the size 
of lesions. To find the minimum and maximum   threshold 
values, the gradient function, or the divergence slope is 
calculated. The gradient reach maximum when th  GLCM 
freq ency is the greatest ate of ch nge, and vice versa. The 
minimum and maximum threshold (T1 and T2) is set at the first 
zero-gradient before and fter the maximum peak, 
respectively.  
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B. Region and Boundary Information from GLCM  
In this research, the region and boundary information are 
based on the partition of nine regions, which are separated by 
the minimum and maximum threshold values, T1 and T2. 
Referring to Fig. 13, region 1 represents hypointense; region 2 
represents normal brain tissue while region 3 represents 
hyperintense. The boundary between each region is then 
represented in region 1, 2; 1, 3 and 2, 3. Each boundary has 
two regions due to the symmetrical feature of the GLCM. 
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C. Segmentation 
The statistical features representing the hyp rintense and 
hypointense regions are then calculated according to equation 
(9) and (10) as follow: 
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where G(u,v)3 and G(u,v)1 is the region for hyp rintense and 
hypointense, respectively. Segmentatio  image for 
hyperintense and hypointense lesions are then computed. For 
hyperintense, its segmentation image I3(x,y) is computed for 
1≤x≤Nx ; 1≤y≤Ny  and   0≤u,v≤Ng-1, as below: 
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where u=I(x,y) and v is the nearest-neighb ur pixels as in 
equation (3). Similar computation can be done for the 
hypointense si n. In general, the example of the 
segmentation for d=1 and φ=0o is as follow: 
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vii. performanCe   
 assessment metriCs
Performance assessment of the 
segmentation results is done by comparing 
the ROI obtained from the automatic 
segmentation with the reference ROI 
provided by neuroradiologists. Area 
overlap (AO) also known as Jaccard 
statistical index, false positive rate 
(FPR), false negative rate (FNR) and 
misclassified area (MA) are used as the 
performance metrics. These metrics are 
computed as follows [33]:
VII. PERFORMANCE ASSESSMENT METRICS 
Performance assessment of the segmentation results is done 
by comparing the ROI obtained from the automatic 
segmentation with the reference ROI provided by 
neuroradiologists. Area overlap (AO) also known as Jaccard 
statistical index, false positive rate (FPR), false negative rate 
(FNR) and misclassified area (MA) are used as the 
performance metrics. These metrics are computed as follows 
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where S1 represents the segmentation results obtained by the 
segmentation algorithms and S2 represents the manual 
segmentation provided by the neuroradiologists. c is the 
complement of S1 and S2.  AO computes the segmented 
similarity by comparing the overlap region between the 
manual and the automatic segmentation. FPR and FNR are 
used to quantify oversegmentation and undersegmentation 
respectively. High AO, low FPR, FNR and MA show low 
error, i.e. high accuracy of the measurement.  
Mean absolute percentage error (MAPE) was used as index 
for misclassified index for mean and number of pixels value in 
the segmentation area, while pixel absolute error ratio (rerr) 
was for misclassified pixels for normal control. MAPE is an 
index that measures the difference between actual and 
measured value and is expressed as: 
 
     
1
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Besides MAPE, absolute error ratio, rerr was also applied to 
quantify the accuracy of the segmentation for normal image.  
rerr is defined as the ratio between the absolute difference in 
the number of over segmented  pixels between the actual and 
the proposed segmentation method, ndiff, and the total number 
of pixels, N, of an image.  Normal image should result 0 
number of pixel in the segmented image.  Otherwise the result 
is over segmented. 
%100   ×=
N
n
r diff
err                                                        (18) 
Low MAPE and rerr show low error, i.e high similarity with 
respect to the expert judgment. The testing dataset consist of 3 
abscess, 4 haemorrhage, 11 acute infarction, and 2 tumour 
cases. In total, 23 samples are used for evaluation. 
VIII. RESULTS  
A. Thresholding Technique 
Table 2 shows intensity of lesions on histogram 
thresholding.  The threshold values are compared between 
Gamma-law transformation and contrast stretching. Minimum 
0.48 and 0.28 are the optimal threshold value for the Gamma-
law transformation and contrast stretching respectively. 
Table 2 Optimal thresholding value 
Optimal Threshold of Hyperintense Lesion 
Gamma-law Transformation Contrast Stretching 
Min Max Min Max 
0.48 0.8 0.28 1.0 
 
Fig. 14 shows segmentation results tested on our dataset as 
discussed in section III. The lesions are indicated by white 
circle. The first row of the images (i) represents the brain 
lesion images whereas the second row (ii) and the third row 
(iii) are the segmentation results using the enhanced images 
after Gamma-law transformation and contrast stretching 
respectively. Both image enhancement techniques can 
successfully segment the lesions using thresholding. 
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                       Fig. 14 Brain lesions and their segmentation results 
Table 3 shows the performance evaluation between 
thresholding with Gamma-law transformation and contrast 
stretching algorithm.   
Table 3 Performance evaluation for each lesion: Comparison between 
Gamma-law transformation and contrast stretching algorithm 
 Index Area Overlap False Positive 
Rate (over-
segmentation) 
False Negative 
Rate (under-
segmentation) 
Tech-
nique 
Gamma
-law 
Contrast 
Stretch 
Gamma-
law 
Contrast 
Stretch 
Gamma-
law 
Contrast 
Stretch 
Abscess 0.7042 0.6842 0.0296 0.0435 0.2662 0.2723 
Haemor
-rhage 0.6926 0.6763 0.1436 0.0909 0.1638 0.2328 
Infarc-
tion 0.7016 0.6492 0.1792 0.2213 0.1192 0.1404 
Tumour 0.4893 0.2645 0.0923 0.0140 0.4183 0.7214 
Average 0.6789 0.6214 0.1410 0.1478 0.1801 0.2308 
VII. PERFORMANCE ASSESSMENT METRICS 
Performance assessm nt of the segmentation r sul s is done 
by comparing the ROI obtained from the automatic 
segmentation with the reference ROI provided by 
neuroradiologists. Area overlap (AO) lso known as Jaccard 
statistical index, fal e positive rate (FPR , false negativ  rate 
(FNR) and misclassified rea (MA) are used as the
performance metrics. Th se metric  are comput d as follows 
[33]: 
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where S1 represents the segmentation r sul s obtained by the 
segmentation algorithms and S2 represents the manual
segmentation prov ded by the neuroradiologists. c is the 
complement of S1 and S2.  AO computes the segmented 
similarity by comparing the overlap region between the 
manual and the automatic seg entation. FPR a d FNR are 
used to quantify oversegmentation a d undersegmentation 
respectively. High AO, low FPR, FNR and MA show low 
error, i.e. high accuracy of the measurement.  
Mean absolute percentage error (MAPE) was used as index 
for misclassified index for mean and number of pixels value in 
the segmentation area, while pixel absolute error ratio (rerr) 
was for misclassified pixels for normal cont ol. MAPE is an 
index that measures the difference b tween actual and 
measured value and is expressed as: 
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Besides MAPE, absolute error ratio, err was also applied to 
quantify the accuracy of the segmentation for normal image.  
rerr is defined as the ratio between the absolut  difference n 
the number of over segmented  pixels betwe n th  actual and 
the proposed segmentation me hod, ndiff, an  the total number 
of pixels, N, of an image.  Normal image should re ult 0 
number of pixel in the s gmented image.  Otherwise the esult 
is over segmented. 
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Low MAPE and rerr show low error, i.e high s milarity with 
respect to the xpert judgm nt. The t sting da a et consist of 3 
abscess, 4 ha morrhag , 11 acute inf rction, and 2 tumour 
cases. In total, 23 samples are used fo  evaluation. 
VIII. RESULTS  
A. Thresholding Technique 
Table 2 shows intensity of lesions on histogram 
thresholding.  The threshold values are comp r d betwe n
Gamma-law transformation and contr st stretching. Minimum 
0.48 and 2 re the optimal threshold value for the Gamma-
law transformation and contr st stretching respectively. 
Table 2 Optimal thresholding value 
Optimal Threshold of Hyperintense Lesio  
Gamma-law Transformation Contrast Stretching 
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0.48 0.8 0.28 1.0 
 
Fig. 14 shows segmentation r sul s tested on our ataset as 
discussed n section III. The lesions ar  ndicated by white 
circle. The first row of the images (i) represents th  brain 
lesion images whereas the second row (ii) and the thir row 
(iii) are the segmentation r sul s using the enhanced im ges 
after Gamma-law transformation and contrast stretching 
respectively. Both image enh ncement techniques can 
successfully s gment th  lesions using thresholding. 
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Table 3 shows the performance evaluation between 
thresholding with Gamma-law transformation and contrast
stretching algorithm.   
Table 3 Performance evaluation for each lesi n: Comparison between 
Gamma-law transforma io  and contrast stretching algorithm 
 Index Area Overlap F lse Positive 
Rate (over-
segmentation) 
False Negative 
Rate (under-
segmentation) 
Tech-
nique 
Gamma
-law 
Contrast 
Stretch 
Gamm -
law 
Contrast 
Stretch 
Gamm -
law 
Contrast 
Stretch 
Abscess 0.7042 .68  0. 296 0.0435 0.2662 0.2723 
Haemor
-rhage 0.6926 0.6763 0.1436 0.0909 0.1638 0.2328 
Infarc-
tion 0.7016 0.6492 0.1792 0.2213 0.1192 0.1404 
Tumour 0.4893 0.2645 0.0923 0.0140 0.4183 0.7214 
Average 0.6789 0.6214 0.1410 0.1478 0.1801 0.2308 
where S1 represents the segme tation 
results obtained by the segmentation 
algorithms and S2 represents the 
manual segmentation provided by the 
neuroradiologists. c is the complement of 
S1 and S2.  AO computes the segmented 
similarity by comparing the overlap 
region between the manual and the 
automatic segmentation. FPR and FNR 
are used to quantify oversegmentation 
and undersegm tation respectively. 
High AO, low FPR, FNR and MA show 
low error, i.e. high accuracy of the 
measurement. 
Mean absolute percentage error (MAPE) 
was used as index for misclassified 
index for mean and number of pixels 
value in the segmentation area, while 
pixel absolut  error ratio (r rr) was for 
misclassified pixels for normal control. 
MAPE is an index that measures the 
difference between actual and measured 
value and is expressed as:
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Performance assessment of the segmentation results is done 
by comparing the ROI obtained from the automatic 
segmentation with the reference ROI provided by 
neuroradiologists. Area overlap (AO) also known as Jaccard 
statistical index, false positive rate (FPR), false negative rate 
(FNR) and misclassified area (MA) are used as the 
performance metrics. These metrics are computed as follows 
[33]: 
 
  
     
21
21
SS
SSAO ∪
∩=
                                                           
(13) 
 
     
21
21
SS
cSSFPR ∪
∩=
                                                        
(14) 
 
     
21
21
SS
ScSFNR ∪
∩=
                                                        
(15) 
 
      
1
FNRFPR
AOMA
+=
−=
                                                          (16) 
where S1 represents the segmentation results obtained by the 
segmentation algorithms and S2 represents the manual 
segmentation provided by the neuroradiologists. c is the 
complement of S1 and S2.  AO computes the segmented 
similarity by comparing the overlap region between the 
manual and the automatic segmentation. FPR and FNR are 
used to quantify oversegmentation and undersegmentation 
respectively. High AO, low FPR, FNR and MA show low 
error, i.e. high accuracy of the measurement.  
Mean absolute percentage error (MAPE) was used as index 
for misclassified index for mean and number of pixels value in 
the segmentation area, while pixel absolute error ratio (rerr) 
was for misclassified pix ls for n rmal control. MAPE is an 
index that measures the difference between ctual and 
measured value and is expressed as: 
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                                        (17) 
Besides MAPE, absolute error ratio, rerr was also applied to 
quantify the accuracy of the segmentation for normal image.  
rerr is defined as the ratio between the absolute difference in 
the number of over segmented  pixels between the actual and 
the proposed segmentation method, ndiff, and the total number 
of pixels, N, of an image.  Normal image should result 0 
number of pixel in the segmented image.  Otherwise the result 
is over segmented. 
%100   ×=
N
n
r diff
err                                                        (18) 
Low MAPE and rerr show low error, i.e high similarity with 
respect to the expert judgment. The testing dataset consist of 3 
abscess, 4 haemorrhage, 11 acute infarction, and 2 tumour 
cases. In total, 23 samples are used for evaluation. 
VIII. RESULTS  
A. Thresholding Technique 
Table 2 shows intensity of lesions on histogram 
thresholding.  The threshold values are compared between 
Gamma-law transformation and contrast stretching. Minimum 
0.48 and 0.28 are the optimal threshold value for the Gamma-
law transformation and contrast stretching respectively. 
Table 2 Optimal thresholding value 
Optimal Threshold of Hyperintense Lesion 
Gamma-law Transformation Contrast Stretching 
Min Max Min Max 
0.48 0.8 0.28 1.0 
 
Fig. 14 shows segmentation results tested on our dataset as 
discussed in section III. The lesions are indicated by white 
circle. The first row of the images (i) represents the brain 
lesion images whereas the second row (ii) and the third row 
(iii) are the segmentation results using the enhanced images 
after Gamma-law transformation and contrast stretching 
respectively. Both image enhancement techniques can 
successfully segment the lesions using thresholding. 
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                       Fig. 14 Brain lesions and their segmentation results 
Table 3 shows the performance evaluation between 
thresholding with Gamma-law transformation and contrast 
stretching algorithm.   
Table 3 Performance evaluation for each lesion: Comparison between 
Gamma-law transformation and contrast stretching algorithm 
 Index Area Overlap False Positive 
Rate (over-
segmentation) 
False Negative 
Rate (under-
segmentation) 
Tech-
nique 
Gamma
-law 
Contrast 
Stretch 
Gamma-
law 
Contrast 
Stretch 
Gamma-
law 
Contrast 
Stretch 
Abscess 0.7042 0.6842 0.0296 0.0435 0.2662 0.2723 
Haemor
-rhage 0.6926 0.6763 0.1436 0.0909 0.1638 0.2328 
Infarc-
tion 0.7016 0.6492 0.1792 0.2213 0.1192 0.1404 
Tumour 0.4893 0.2645 0.0923 0.0140 0.4183 0.7214 
Average 0.6789 0.6214 0.1410 0.1478 0.1801 0.2308 
VII. PERFORMANCE ASSESSMENT METRICS 
Performance assessment of the segmentation results is done
by comparing the ROI obtained from the automatic 
segmentation with the reference ROI provided by 
neuroradiologists. Area overlap (AO) also known as Jaccard 
statistical index, false positive rate (FPR), false neg tive rate 
(FNR) and misclassif ed area (MA) are used as the 
performance metri s. These metrics ar  computed as follow  
[33]: 
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where S1 represents the segmentation results obtained y the 
segmentation algorithms and S2 represents th  manual 
segmentation provided by the neuroradiologists. c  the 
complement of S1 and 2.  AO computes the segm nted 
similarity by comparing the overlap region b tween the 
manual and the automatic segmentation. FPR and FNR are 
used to quan ify oversegmentation and undersegmentation 
respectiv ly. High AO, low FPR, FNR and MA show low 
error, i.e. high accuracy of the measure nt.  
Mean absolute percentag  error (MAPE) was used index 
for misclassif ed index for m an and number of pix ls value in 
the segmentation area, whil  pixel absolute error ratio ( err) 
was for mi classif e  pixels for normal c ntro . MAPE is an 
index that measures the differ nce betw en actual and 
measured v l e and is xpres ed as: 
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SSMAPE −×=
             (17) 
Besides MAPE, absolute err r ratio, rerr was also applied to 
quantify the accuracy of the segmentation for n rmal image. 
rerr is defined as th  ratio between the absolute difference in 
the number of ov segm nted  pixels betw en the actual and 
the proposed segm ntation meth d, ndiff, and the total number 
f pix l , N, of an image.  Normal image should result 0 
nu ber of pixel in the segmented i ag . Otherwise the re ult 
is over segmented. 
%100   ×=
N
n
r diff
err              (18) 
Low MAPE and rerr show low error, i.e high similarity with 
respect to th  expert judgment. The testing dataset consist of 3 
abscess, 4 haemorr ge, 11 acute infarction, and 2 tumour 
cases. In total, 23 samples are used for evaluation. 
VIII. RESULTS  
A. Thresholding Tech iqu  
Table 2 shows inten ity of lesi ns on hist gram 
thresholding.  The thres old values are compared betw en 
Gamma-law tr nsform tion and contrast stretching. Minimum 
0.48 and 0.28 are the optimal threshold value for the Gamma-
law transform tion and c trast stretching respectiv ly. 
Table 2 Optimal thresholding value 
Optimal Threshold of Hyperintense Lesion 
Gamma-law Tr nsform tion Contrast Stretching 
Min Max Min Max 
0.48 0.8 0.28 1.0 
 
Fig. 14 shows segmentation results tested on our dataset as 
discusse  in ectio III. The lesions are i dicated by white 
circle. The first row of the images (i) represents the brain 
lesion images wher as t  second row (ii) and the third row 
(iii) are the segmentation results using the enhanced imag s
after G mma-law transform tion and contrast stretching 
respectiv ly. Both image enhancement tech iqu s can 
successfully segment the l sions using thresholding. 
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                       Fig. 14 Bra n lesions and their segmentation r sul s 
Table 3 shows t e performance evaluation between 
thresholding with Gamma-law transform tion and contrast 
stretching algorithm.   
Table 3 Performance evaluation for each lesion: Comparison between 
Gamma-law transformation and contr st stretching algorithm 
 Index Area Overlap False Positive 
Rate (over-
segmentation) 
False Negative 
Rate (under-
segmentation) 
Tech-
nique 
Gamma
-law
Contrast 
Stretch 
Gamma-
law 
Contr st 
Stretch 
Gamma-
law 
Contr st 
Stretch 
Abscess 0.7042 0.6842 0296 0.0435 0.2662 0.27 3 
Haemor
-rhage 0.6926 0.6763 0.14 6 0.0909 0.1638 0.2 28 
Infarc-
tion 0.7016 0.6492 0.1792 0.2213 0.1 92 0. 404 
Tumour 0.4893 0.2645 0.0923 0.0140 0.4183 0.7214 
Average 0.6789 0.6214 0.1410 0.1478 0.1801 0.2308 
Besides MAPE, absolute error ratio, rerr 
was also applied to quantify the accuracy 
of th  entatio  f r ormal image. 
rerr is defined s the r tio b twe n he 
absolute diff rence in the umber f over 
segmented  pixels between t e ctual and 
the proposed segmentation method, ndiff, 
and the total number of pixels, N, of an 
image.  Normal image should result 0
number of pixel in the segmented image. 
Otherwise the result is over segmented.
VII. PERFORMANCE SSESSMENT METRICS 
Performance assessment of the segmentation results is done 
by comparing the ROI obtained from the automatic 
segmentation with the reference ROI provided by 
neuroradiologists. Area overlap (AO) also known as Jaccard 
statistical index, false positive rate (FPR), false negative rate 
(FNR) and misclassified area (MA) are used as the 
performan e metrics. These metrics are computed as follows 
[33]: 
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where S1 represents the segmentation results obtained by the 
segmentation algorithms and S2 represents the manual 
segmentation provided by the neuroradiologists. c is the 
complement of S1 and S2.  AO computes the segmented 
similarity by comparing the overlap region between the 
manual and the automatic segmentation. FPR and FNR are 
used to quantify oversegmentation and undersegmentation 
respectively. High AO, low FPR, FNR and MA show low 
error, i.e. high accuracy of the measurement.  
Mean absolute percentage error (MAPE) was used as index 
for misclassified index for mean and number of pixels value in 
the segmentation area, while pixel absolute error ratio (rerr) 
was for misclassified pixels for normal control. MAPE is an 
index that measur  th diff ence between actual and
measured value and is xpr ssed as: 
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                                        (17) 
Besides MAPE, absolute error ratio, rerr was also applied to 
quantify the accuracy of the segmentation for normal image.  
rerr is defined as the ratio b tween the absolute difference in 
the number of over segmented  pixels between the actual and 
the proposed segmentation method, ndiff, and the total number 
of pixels, N, of an image.  Normal image should result 0 
number of pixel in the segmented image.  Ot erwise the result 
is over segmented. 
%100   ×=
N
n
r diff
err                                                    (18) 
Low MAPE and rerr show low error, i.e high similarity with 
respect to the expert judgment. The testing dataset consist of 3 
abscess, 4 haemorrhage, 11 acute infarction, and 2 tumour 
cases. In total, 23 samples are used for evaluation. 
VIII. RESULTS  
A. Thresholding Technique 
Table 2 shows intensity of lesions on histogram 
thresholding.  The threshold values ar  compared between 
Gamma-law transformation and contrast stretching. Minimum 
0.48 and 0.28 are the optimal threshold value for the Gamma-
law transformation and contrast stretching respectively. 
Table 2 Optimal thresholding value 
Optimal reshold of Hyperin nse Lesion 
Gamma-law Transformation Cont ast Stretchi g 
Min Max Min Max 
0.48 0.8 0.28 1.0 
 
Fig. 14 shows segmentation results tested on our dataset as 
discussed in section III. The lesions are indicated by white 
circle. The first row of the images (i) represents the brain 
lesion images whereas the second row (ii) a d the third row 
ii) re the segmentation results using the enhanced images 
after Gamma-law transformation and contrast stretching 
respectively. Both image enhancement techniques can 
successfully segment the lesions using thresholding. 
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                       Fig. 14 Brain lesions and their segmentation results 
Table 3 shows the performance evaluation between 
thresholding with Gam a-law transformation and co trast 
stretching algorithm.   
Table 3 Performance evaluation for each lesion: Comparison between 
Gamma-law transformation and contrast stretching algorithm 
 Index Area Overlap False Positive 
Rate (over-
segmentation) 
False Negative 
Rate (under-
segmentation) 
Tech-
nique 
Gamma
-law 
Contrast 
Stretch 
Gamma-
law 
Contrast 
Stretch 
Gamma-
law 
Contrast 
Stretch 
Abscess 0.7042 0.6842 0.0296 0.0435 0.2662 0.2723 
Haemor
-rhage 0.6926 0.6763 0.1436 0.0909 0.1638 0.2328 
Infarc-
tion 0.7016 0.6492 0.1792 0.2213 0.1192 0.1404 
Tumour 0.4893 0.2645 0.0923 0.0140 0.4183 0.7214 
Average 0.6789 0.6214 0.1410 0.1478 0.1801 0.2308 
VII. PERFORMANCE ASSESSMENT ETRICS 
Performance assessment of the segmentation results is done 
by comparing the ROI obtained from the automatic 
segmentation with the reference ROI provided by 
neuroradiologists. Area overlap (AO) also known as Jaccard 
statistical index, false positive rate (FPR), false negative rate 
(FNR) and misclassified area (MA) are used as the 
performance etrics. These metrics are computed as follows 
[33]: 
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where S1 represents the segmentation results obtained by the 
segmentation algorithms and S2 represents the manual 
segmentation provided by the neuroradiologists. c is the 
complement of S1 and S2.  AO computes the segmented 
similarity by comparing the overlap region between the 
manual and the automatic segmentation. FPR and FNR are 
used to quantify oversegmentation and undersegmentation 
respectively. High AO, low FPR, FNR and MA show low 
error, i.e. high accuracy of the measurement.  
Mean absolute percentage error (MAPE) was used as index 
for misclassified index for mean and number of pixels value in 
the segmentation area, while pixel absolute error ratio (rerr) 
was for misclassified pixels for normal control. MAPE is an 
ind x that m asures the difference between actu l and 
measured value and is expr s d as: 
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Besides MAPE, absolute error ra i , re r was a so applied to 
quantify the accuracy of the segmentation for normal i ag .  
rerr is defined as the ra io bet een the absolu e difference in
the number of over segme ted  pixels b tw en the ctual and 
the proposed segmentation method, diff, and the total number 
of pixels, N, of an image.  Normal image should result 0 
number of pixel in the segment d im ge. Otherwise the result
is over segmented. 
%100  ×=
N
n
r diff
err                                                        (18) 
Low MAPE and rerr show low error, i.e high similarity with 
respect to the expert judgment. The testing dataset consist of 3 
abscess, 4 haemorrhage, 11 acute infarction, and 2 tumour 
cases. In total, 23 samples are used for evaluation. 
VIII. RESULTS  
A. Thresholding Technique 
Table 2 shows intensity of lesions on histogram 
thresholding.  The threshold values are compared between 
Gamma-law transformation and contrast stretching. Minimum 
0.48 and 0.28 are the optimal threshold value for the Gamma-
law transformation and contrast stretching respectively. 
Table 2 Optimal thresholding value 
Optimal Threshold of Hyperintense Lesion 
Gamma-law Transf rmation Contrast Stretching 
Min Max Min Max 
0.48 0.8 0.28 1.0 
 
Fig. 14 shows segmentation results tested on our dataset as 
discussed in section III. The lesions are indicated by white 
circle. The first row of the images (i) represents the brain 
lesion images whereas the second row (ii) and the third row 
(iii) are the segmentation results using the enhanced images 
aft r Gamma-law transformation and contrast stretching 
respectively. Both image enhancement techniques can 
successfully segment the lesions using thresholding. 
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                      Fig. 14 Br in lesions a d their s gmentation results 
Table 3 shows the performance evaluation between 
thresholding with Gamma-law transformati  and c ntrast 
stretching algorithm.   
Table 3 Performance evaluation for each lesion: Comparison between 
Gamma-law transformation and contrast stretching algorithm 
 Index Area Overlap False Positive 
Rate (over-
segmentation) 
False Negative 
Rate (under-
segmentation) 
Tech-
nique 
Gamma
-law 
Contrast 
Stretch 
Gamma-
law 
Contrast 
Stretch 
Gamma-
law 
Contrast 
Stretch 
Abscess 0.7042 0.6842 0.0296 0.0435 0.2662 0.2723 
Haemor
-rhage 0.6926 0.6763 0.1436 0.0909 0.1638 0.2328 
Infarc-
tion 0.7016 0.6492 0.1792 0.2213 0.1192 0.1404 
Tumour 0.4893 0.2645 0.0923 0.0140 0.4183 0.7214 
Average 0.6789 0.6214 0.1410 0.1478 0.1801 0.2308 
Low MAPE and rerr show low error, i.e 
high i ilarity with espect to the expert 
judgment. The testing dataset consist 
of 3 abscess, 4 haemorrhage, 11 acute 
infarction, and 2 tum ur ca es. In total, 23 
samples are used for evaluation.
viii. resuLts 
a. thresholding technique
Table 2 shows intensity of lesions on 
histogram thresholding.  The threshold 
values are compared between Gamma-
law transformation and contrast 
stretching. Minimum 0.48 and 0.28 are 
the optimal threshold value for the 
Gamma-law transformation and contrast 
stretching respectively.
Table 2 Optimal thresholding value
VII. PERFORMANCE ASSESSMENT METRICS 
Performance assessment of the segmentation results is done 
by comparing the ROI obtained from the automatic 
segmentation with the reference ROI provided by 
neuroradiologists. Area overlap (AO) also known as Jaccard 
statistical index, false positive rate (FPR), false negative rate 
(FNR) miscl ssifi  area (MA) are used as the 
performance metrics. These metrics are computed as follows 
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where S1 represents the segmentation results obtained by the 
segmentation algorithms and S2 represents the manual 
segmentation provided by the neuroradiologists. c is the 
complement of S1 and S2.  AO computes the segmented 
similarity by comparing the overlap region between the 
manual and the automatic segmentation. FPR and FNR are 
used to qu ntify oversegm nt tion and undersegmentation 
respectively. High AO, low FPR, FNR and MA show low 
error, i.e. high accuracy of the measurement.  
Mean absolute percentage error (MAPE) was used as index 
for misclassified index for mean and number of pixels value in 
the segmentation area, while pixel absolute error ratio (rerr) 
was for misclassified pixels for normal control. MAPE is an 
index that measures the difference between actual and 
measured value and is expressed as: 
 
     
1
|21|100
S
SSMAPE −×=
                                        (17) 
Besides MAPE, absolute error ratio, rerr was also applied to 
quantify the accuracy of the segmentation for normal image.  
rerr is defined as the ratio between the absolute difference in 
the number of over segmented  pixels between the actual and 
the proposed segmentation method, ndiff, and the total number 
of pixels, N, of an image.  Normal image should result 0 
number of pixel in the segmented image.  Otherwise the result 
is over segmented. 
%100   ×=
N
n
r diff
err                                                        (18) 
Low MAPE and rerr show low error, i.e high similarity with 
respect to the expert judgment. The testing dataset consist of 3 
abscess, 4 haemorrhage, 11 acute infarction, and 2 tumour 
cases. In total, 23 samples are used for evaluation. 
VIII. RESULTS  
A. Thresholding Technique 
Table 2 shows intensity of lesions on histogram 
thresh lding. The threshold values are compared between 
Gamma-law transformation and contrast stretching. Minimum 
0.48 and 0.28 are the optimal threshold value for the Gamma-
law transformation and contrast stretching respectively. 
Table 2 Optimal thresholding value 
Optimal Threshold of Hyperintense Lesion 
Gamma-law Transformation Contrast Stretching 
Min Max Min Max 
0.48 0.8 0.28 1.0 
 
Fig. 14 shows segmentation results tested on our dataset as 
discussed in section III. The lesions are indicated by white 
circle. The first row of the images (i) represents the brain 
lesion images whereas the second row (ii) and the third row 
(iii) are the segmentation results using the enhanced im g s 
after Gamma-law transformation and contrast s retching 
respectively. Both image enh ncement techniques can 
successfully segment the lesions using thresholding. 
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                       Fig. 14 Brain lesions and their segmentation results 
Table 3 shows the performance evaluation between 
thresholding with Gamma-law transformation and contrast 
stretching algorithm.   
Table 3 Performance evaluation for each lesion: Comparison between 
Gamma-law transformation and contrast stretching algorithm 
 Index Area Overlap False Positive 
Rate (over-
segmentation) 
False Negative 
Rate (under-
segmentation) 
Tech-
nique 
Gamma
-law 
Contrast 
Stretch 
Gamma-
law 
Contrast 
Stretch 
Gamma-
law 
Contrast 
Stretch 
Abscess 0.7042 0.6842 0.0296 0.0435 0.2662 0.2723 
Haemor
-rhage 0.6926 0.6763 0.1436 0.0909 0.1638 0.2328 
Infarc-
tion 0.7016 0.6492 0.1792 0.2213 0.1192 0.1404 
Tumour 0.4893 0.2645 0.0923 0.0140 0.4183 0.7214 
Average 0.6789 0.6214 0.1410 0.1478 0.1801 0.2308 
Fig. 14 sho s seg entation re ults tested 
on our dataset as discussed in section III. 
The lesions are i dicated by white circle. 
The first ro  of the images (i) represents 
the brain lesion im ges whereas the 
second row (ii) and the third row (iii)
ar  the s gmentation results using the 
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enhanced images after Gamma-law 
transformation and contrast stretching 
respectively. Both image enhancement 
techniques can successfully segment the 
lesions using thresholding.
VII. PERFORMANCE ASSESSMENT METRICS 
Performance assessment of the segmentation results is done 
by comparing the ROI obtained from the automatic 
segmentation with the reference ROI provided by 
neuroradiologists. Area overlap (AO) also known as Jaccard 
statistical index, false positive rate (FPR), false negative rate 
(FNR) and misclassified area (MA) are used as the 
performance metrics. These metrics are computed as follows 
[33]: 
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where S1 represents the segmentation results obtained by the 
segmentation algorithms and S2 represents the manual 
segmentation provided by the neuroradiologists. c is the 
complement of S1 and S2.  AO computes the segmented 
similarity by comparing the overlap region between the 
manual and the automatic segmentation. FPR and FNR are 
used to quantify oversegmentation and undersegmentation 
respectively. High AO, low FPR, FNR and MA show low 
error, i.e. high accuracy of the measurement.  
Mean absolute percentage error (MAPE) was used as index 
for misclassified index for mean and number of pixels value in 
the segmentation area, while pixel absolute error ratio (rerr) 
was for misclassified pixels for normal control. MAPE is an 
index that measures the difference between actual and 
measured value and is expressed as: 
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Besides MAPE, absolute error ratio, rerr was also applied to 
quantify the accuracy of the segmentation for normal image.  
rerr is defined as the ratio between the absolute difference in 
the number of over segmented  pixels between the actual and 
the proposed segmentation method, ndiff, and the total number 
of pixels, N, of an image.  Normal image should result 0 
number of pixel in the segmented image.  Otherwise the result 
is over segmented. 
%100   ×=
N
n
r diff
err                                                        (18) 
Low MAPE and rerr show low error, i.e high similarity with 
respect to the expert judgment. The testing dataset consist of 3 
abscess, 4 haemorrhage, 11 acute infarction, and 2 tumour 
cases. In total, 23 samples are used for evaluation. 
VIII. RESULTS  
A. Thresholding Technique 
Table 2 shows intensity of lesions on histogram 
thresholding.  The threshold values are compared between 
Gamma-law transformation and contrast stretching. Minimum 
0.48 and 0.28 are the optimal threshold value for the Gamma-
law transformation and contrast stretching respectively. 
Table 2 Optimal thresholding value 
Optimal Threshold of Hyperintense Lesion 
G mma-law Transformation Contrast Stretching 
Min Max Min Max 
0.48 0.8 0.28 1.0 
 
Fig. 14 shows segmentation results tested on our dataset as 
discussed in section III. The lesions are indicated by white 
circle. The first row of the images (i) represents the brain 
l sion images whereas the second row (ii) and the third row 
(iii) are the segmentation results using the enhanced images 
after Gamma-law transformation and contrast stretching 
re pectively. Both image enhancement techniques can 
successfully segment the lesions using thresholding. 
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                       Fig. 14 Brain lesions and their segmentation results 
Table 3 shows the performance evaluation between 
thresholding with Gamma-law transformation and contrast 
stretching algorithm.   
Table 3 Performance evaluation for each lesion: Comparison between 
Gamma-law transformation and contrast stretching algorithm 
 Index Area Overlap False Positive 
Rate (over-
segmentation) 
False Negative 
Rate (under-
segmentation) 
Tech-
nique 
Gamma
-law 
Contrast 
Stretch 
Gamma-
law 
Contrast 
Stretch 
Gamma-
law 
Contrast 
Stretch 
Abscess 0.7042 0.6842 0.0296 0.0435 0.2662 0.2723 
Haemor
-rhage 0.6926 0.6763 0.1436 0.0909 0.1638 0.2328 
Infarc-
tion 0.7016 0.6492 0.1792 0.2213 0.1192 0.1404 
Tumour 0.4893 0.2645 0.0923 0.0140 0.4183 0.7214 
Average 0.6789 0.6214 0.1410 0.1478 0.1801 0.2308 
Fig. 14 Brain lesio s a d th ir segme tation 
results
Table 3 sh ws the performance evaluation 
between thresholding with Gamma-law 
transformation and contrast stretching 
algorithm.  
Table 3 Performance evaluation for each 
lesion: Comparison between Gamma-law 
transformation and contrast stretching 
algorithm
VII. PERFORMANCE ASSESSMENT METRICS 
Performance assessment of the segmentation results is done 
by comparing the ROI obtained from the automatic 
segmentation with the reference ROI provided by 
neuroradiologists. Area overlap (AO) also known as Jaccard 
statistical index, false positive rate (FPR), false negative rate 
(FNR) and misclassified area (MA) are used as the 
performance metrics. These metrics are computed as follows 
[33]: 
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where S1 represents the segmentation results obtained by the 
segmentation algorithms and S2 represents the manual 
segmentation provided by the neuroradiologists. c is the 
complement of S1 and S2.  AO computes the segmented 
similarity by comparing the overlap region between the 
manual and the automatic segmentation. FPR and FNR are 
used to quantify oversegmentation and undersegmentation 
respectively. High AO, low FPR, FNR and MA show low 
error, i.e. high accuracy of the measurement.  
Mean absolute percentage error (MAPE) was used as index 
for misclassified index for mean and number of pixels value in 
the segmentation area, while pixel absolute error ratio (rerr) 
was for misclassified pixels for normal control. MAPE is an 
index that measures the difference between actual and 
measured value and is expressed as: 
 
     
1
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Besides MAPE, absolute error ratio, rerr was also applied to 
quantify the accuracy of the segmentation for normal image.  
rerr is defined as the ratio between the absolute difference in 
the number of over segmented  pixels between the actual and 
the proposed segmentation method, ndiff, and the total number 
of pixels, N, of an image.  Normal image should result 0 
number of pixel in the segmented image.  Otherwise the result 
is over segmented. 
%100   ×=
N
n
r diff
err                                                        (18) 
Low MAPE and rerr show low error, i.e high similarity with 
respect to the expert judgment. The testing dataset consist of 3 
abscess, 4 haemorrhage, 11 acute infarction, and 2 tumour 
cases. In total, 23 samples are used for evaluation. 
VIII. RESULTS  
A. Thresholding Technique 
Table 2 shows intensity of lesion  on histogram 
thresholding.  The threshold values are compared between 
Gamma-law transformation and contrast stretching. Minimum 
0.48 and 0.28 are the optimal threshold value for the Gamma-
law transformation and contrast stretching respectively. 
Table 2 Optimal thresholding value 
Optimal Threshold of Hyperintense Lesion 
Gamma-law Transformation Contrast Stretching 
Min Max Min Max 
0.48 0.8 0.28 1.0 
 
Fig. 14 shows segmentation results tested on our dataset as 
discussed in section III. The lesions are indicated by white 
circle. The first row of the images (i) represents the brain 
lesion images whereas the second row (ii) and the third row 
(iii) are the segmentation results using the enhanced images 
after Gamma-law transformation and contrast stretching 
respectively. Both image enhancement techniques can 
successfully segment the lesions using thresholding. 
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                       Fig. 14 Brain lesions and their segmentation results 
Table 3 shows the performance evaluation between 
thresholding with Gamma-law transformation and contrast 
stretch ng algorithm.   
Table 3 Performance evaluatio  for each lesion: Comparison between 
Gamma-law transformation and contrast stretching algorithm 
 Index Area Overlap False Positive 
Rate (over-
segmentation) 
False Negative 
Rate (under-
segmentation) 
Tech-
nique 
Gamma
-law 
Contrast 
Stretch 
Gamma-
law 
Contrast 
Stretch 
Gamma-
law 
Contrast 
Stretch 
Abscess 0.7042 0.6842 0.0296 0.0435 0.2662 0.2723 
Haemor
-rhage 0.6926 0.6763 0.1436 0.0909 0.1638 0.2328 
Infarc-
tion 0.7016 0.6492 0.1792 0.2213 0.1192 0.1404 
Tumour 0.4893 0.2645 0.0923 0.0140 0.4183 0.7214 
Average 0.6789 0.6214 0.1410 0.1478 0.1801 0.2308 
The results show the segmentation of 
abscess, haemorrhage and infarction 
provide very good segmentation results. 
Thresholding with both algorithms 
provide high AO with low FPR and low 
FNR. These lesions were successfully 
segment by using our proposed 
thresholding technique because the 
lesions are very bright in DWI.  From the 
table, the technique provides the worst 
result for all evaluation measurements for 
tumour. This is because, in DWI, the lesion 
for tumour is cannot fully characterized 
by its brightness. In addition, some 
tumour lesions in DWI comprise dark 
area in the middle or surrounding its 
hyperintense lesion which is failed 
to detect by histogram. Therefore, 
histogram thresholding provides low 
performance for tumour segmentation in 
DWI. The errors for under-segmentation 
(FNR) are bigger than over-segmentation 
(FPR) for all cases. The shaded areas 
show the best average performance. Fig. 
15 shows average performance of lesion 
segmentation by using both Gamma-law 
transformation and contrast stretching 
algorithm.
The results show the segmentation of abscess, haemorrhage 
and infarction provide very good segmentation results. 
Thresholding with both algorithms provide high AO with low 
FPR and low FNR. T ese lesions were successfully segment 
by using our proposed thresholding technique because the 
lesions are very bright in DWI.  From the table, the technique 
provides the worst result for all evaluation easurements for 
tumour. This is because, in DWI, the lesion for tumour is 
cannot fully characterized by its brightness. In addition, some 
tumour lesions in DWI comprise dark area in the middle or 
surrounding its hyperintense lesion which is failed to detect by 
histogram. Therefore, histogram thresholding provides low 
performance for tumour segmentation in DWI. The errors for 
under-segmentation (FNR) are bigger than over-segmentation 
(FPR) for all cases. The shaded areas show the best average 
performance. Fig. 15 shows average performance of lesion 
segmentation by using both Gamma-law transformation and 
contrast stretching algorithm.
 
Fi
g. 15 Average performance of the thresholding algorithm 
Gamma-law transformation algorithm provides higher AO 
which means better similarity to the manual segmentation 
provided by neuroradiologists.  For over-segmentation (FPR) 
and under-segmentation (FNR) evaluation, gamma-law 
transformation provides higher performance, while contrast 
stretching gives poorer result. Overall, gamma-law 
transformation algorithm provides better segmentation results 
compared to contrast stretching.
B. GLCM  
The proposed method has been tested with ten patients, as 
shown in Fig. 16.  The images are normal; solid tumour, acute 
infarction, abscess and haemorrhage which represent 
hyperintense lesion; haemorrhage and chronic infarction 
which represent hypointense lesion. 
  
  
(a) Normal (b) Solid 
tumour 
(c) Acute 
infarction 
 
 
(d) Abscess (e)Haemorrhage (f) Acute 
infarction 
 
 
(g) Acute 
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infarction 
Fig. 16 Segmentation results. From top to bottom: (a) DWI for normal 
patient and segmentation result of normal CSF, (b-g) Segmentation of 
hyperintense lesions, (h-f) Segmentation of hypointense lesions 
For normal patient in Fig. 16(a), the DWI is separated into two 
parts which are brain tissue and CSF in the middle of the 
brain. The results show that the normal brain tissue is well 
separated from the CSF. No hyperintense lesion is detected. 
Fig. 16 (b-g) shows several hyperintense lesions and their 
segmentation results. As seen in the figures, the lesions are 
well segmented using the approach method. Similar evaluation 
is made for the hypointense lesions in Fig. 16 (h-f). Since the 
hypointense lesions and CSF share similar characteristics, 
hence both regions fall under the hypointense regions. Normal 
CSF can be characterized by looking at the symmetrical shape 
in the middle of the brain while for hypointense lesion, the 
shape is irregular. 
C. Segmentation Performance Comparison 
Fig. 17 shows average performance of lesion segmentation 
by using both GLCM and thresholding. As discussed in the 
chapter VII, low MA, MAPE and rerr show low error, i.e high 
similarity with respect to the expert judgment. GLCM 
provides lower MA, MAPE and rerr compared to thresholding 
technique, which means more accurate. Overall, GLCM 
provides better segmentation results compared to thresholding 
technique. 
 
Fig. 17 Performance comparison between GLCM and thresholding 
Fig. 15 Average performance of the 
thresholding alg ithm
Gamma-law transformation algorithm 
provides higher AO which eans better 
similarity to the manual segmentation 
provide  by neuroradiologists.  For 
over-segmentation (FPR) and under-
segmentation (FNR) evaluation, gamma-
law transformation provides higher 
perfo mance, whil  contr st stretching 
gives poorer result. Overall, gamma-
law transformation algorithm provides 
better segmentation results compared to 
contrast stretching.
B. gLCm 
The proposed method has been tested 
with ten patients, as shown in Fig. 16.  The 
images are normal; solid tumour, acute 
infarction, abscess and haemorrhage 
which represent hyperintense lesion; 
haemorrhage and chronic infarction 
which represent hypointense lesion.
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The results show the segmentation of abscess, haemorrhage 
and infarction provide very good segmentation results. 
Thresholding with both algorithms provide high AO with low 
FPR and low FNR. These lesions were successfully segment 
by using our proposed thresholding technique because the 
lesions are very bright in DWI.  From the table, the technique 
provides the worst result for all evaluation measurements for 
tumour. This is because, in DWI, the lesion for tumour is 
cannot fully characterized by its brightness. In addition, some 
tumour lesions in DWI comprise dark area in the middle or 
surrounding its hyperintense lesion which is failed to detect by 
histogram. Therefore, histogram thresholding provides low 
performance for tumour segmentation in DWI. The errors for 
under-segmentation (FNR) are bigger than over-segmentation 
(FPR) for all cases. The shaded areas show the best average 
performance. Fig. 15 shows average performance of lesion 
segmentation by using both Gamma-law transformation and 
contrast stretching algorithm.
 
Fi
g. 15 Average performance of the thresholding algorithm 
Gamma-law transformation algorithm provides higher AO 
which means better similarity to the manual segmentation 
provided by neuroradiologists.  For over-segmentation (FPR) 
and under-segmentation (FNR) evaluation, gamma-law 
transformation provides higher performance, while contrast 
stretching gives poorer result. Overall, gamma-law 
transformation algorithm provides better segmentation results 
compared to contrast stretching.
B. GLCM  
The proposed method has been tested with ten patients, as 
shown in Fig. 16.  The images are normal; solid tumour, acute 
infarction, abscess and haemorrhage which represent 
hyperintense lesion; haemorrhage and chronic infarction 
which represent hypointense lesion. 
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infarction 
 
 
(d) Abscess (e)Haemorrhage (f) Acute 
infarction 
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infarction 
Fig. 16 Segmentation results. From top to bottom: (a) DWI for normal 
patient and segmentation result of normal CSF, (b-g) Segmentation of 
hyperintense lesions, (h-f) Segmentation of hypointense lesions 
For normal patient in Fig. 16(a), the DWI is separated into two 
parts which are brain tissue and CSF in the middle of the 
brain. The results show that the normal brain tissue is well 
separated from the CSF. No hyperintense lesion is detected. 
Fig. 16 (b-g) shows several hyperintense lesions and their 
segmentation results. As seen in the figures, the lesions are 
well segmented using the approach method. Similar evaluation 
is made for the hypointense lesions in Fig. 16 (h-f). Since the 
hypointense lesions and CSF share similar characteristics, 
hence both regions fall under the hypointense regions. Normal 
CSF can be characterized by looking at the symmetrical shape 
in the middle of the brain while for hypointense lesion, the 
shape is irregular. 
C. Segmentation Performance Comparison 
Fig. 17 shows average performance of lesion segmentation 
by using both GLCM and thresholding. As discussed in the 
chapter VII, low MA, MAPE and rerr show low error, i.e high 
similarity with respect to the expert judgment. GLCM 
provide  lower MA, MAPE and rerr compared to thresholding 
technique, which means more accurate. Overall, GLCM 
provides better segmentation results compared to thresholding 
technique. 
 
Fig. 17 Performance comparison between GLCM and thresholding 
The results show the segmentation of abscess, haemorrhage 
and infarction provide very good segmentation results. 
Thresholding with both algorithms provide high AO with low 
FPR and low FNR. These lesions were successfully segment 
by using our proposed thresholding technique because the 
lesions are very bright in DWI.  From the table, the technique 
provides the worst result for all evaluation measurements for 
tumour. This is because, in DWI, the lesion for tumour is 
cannot fully characterized by its brightness. In addition, some 
tumour lesions in DWI comprise dark area in the middle or 
surrounding its hyperintense lesion which is failed to detect by 
histogram. Therefore, histogram thresholding provides low 
performance for tumour segmentation in DWI. The errors for 
under-segmentation (FNR) are bigger than over-segmentation 
(FPR) for all cases. The shaded areas show the best average 
performance. Fig. 15 shows average performance of lesion 
segmentation by using both Gamma-law transformation and 
contrast stretching algorithm.
 
Fi
g. 15 Average performance of the thresholding algorithm 
Gamma-law transformation algorithm provides higher AO 
which means better similarity to the manual segmentation 
provided by neuroradiologists.  For over-segmentation (FPR) 
and under-segmentation (FNR) evaluation, gamma-law 
transformation provides higher performance, while contrast 
stretching gives poorer result. Overall, gamma-law 
transformation algorithm provides better segmentation results 
compared to contrast stretching.
B. GLCM  
The proposed method has been tested with ten patients, as 
shown in Fig. 16.  The images are normal; solid tumour, acute 
infarction, abscess and haemorrhage which represent 
hyperintense lesion; haemorrhage and chronic infarction 
which represent hypointense lesion. 
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infarction 
 
 
(d) Abscess (e)Haemorrhage (f) Acute 
infarction 
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Fig. 16 Segmentation results. From top to bottom: (a) DWI for normal 
patient and segmentation result of normal CSF, (b-g) Segmentation of 
hyperintense lesions, (h-f) Segmentation of hypointense lesions 
For normal patient in Fig. 16(a), the DWI is separated into two 
parts which are brain tissue and CSF in the middle of the 
brain. The results show that the normal brain tissue is well 
separated from the CSF. No hyperintense lesion is detected. 
Fig. 16 (b-g) shows several hyperintense lesions and their 
segmentation results. As seen in the figures, the lesions are 
well segmented using the approach method. Similar evaluation 
is made for the hypointense lesions in Fig. 16 (h-f). Since the 
hypointense lesions and CSF share similar characteristics, 
hence both regions fall under the hypointense regions. Normal 
CSF can be characterized by looking at the symmetrical shape 
in the middle of the brain while for hypointense lesion, the 
shape is irregular. 
C. Segmentation Performance Comparison 
Fig. 17 shows average performance of lesion segmentation 
by using both GLCM and thresholding. As discussed in the 
chapter VII, low MA, MAPE and rerr show low error, i.e high 
similarity with respect to the expert judgment. GLCM 
provides lower MA, MAPE and rerr compared to thresholding 
technique, which means more accurate. Overall, GLCM 
provides better segmentation results compared to thresholding 
technique. 
 
Fig. 17 Performance comparison between GLCM and thresholding 
Fig. 16 Segme tation results. From top t  
bottom: (a) DWI for normal patient and 
segmentation result of normal CSF, (b-g) 
Segmentation of hyperintense lesions, (h-f) 
Segmentati n of hypointense les ons
For normal patient in Fig. 16(a), the DWI 
is parated into two parts which re 
brain tissue and CSF in the middle of the 
brain. The results show that the ormal 
brain tissue is well separated from the 
CSF. No hyperintense lesion is detected. 
Fig. 16 (b-g) shows several hyperintense 
lesions and their segmentatio  results. 
As seen in the figures, the lesions are well 
segmented using the approach method. 
Similar evaluation is ade for the 
hypointense lesions in Fig. 16 (h-f). Since 
the hypointense lesions and CSF share 
similar characteristics, hence both regions 
fall under the hypointense regions. 
Normal CSF can be characterized by 
looking at the symmetrical shape in the 
middle of the brain while for hypointense 
lesion, the shape is irregular.
C. segmentation performance 
Comparison
Fig. 17 shows average performance of 
lesion segmentation by using both GLCM 
and thresholding. As discussed in the 
chapter VII, low MA, MAPE and rerr show 
low error, i.e high similarity with respect 
to the expert judgment. GLCM provides 
lower MA, MAPE and rerr compared to 
thresholding technique, which means 
more accurate. Overall, GLCM provides 
better segmentation results compared to 
thresholding technique.
The results show the segmentation of abscess, haemorrhage 
and infarction provide very good segmentation results. 
Thresholding with both algorithms provide high AO with low 
FPR and low FNR. These lesions were successfully segment 
by using our proposed thresholding technique because the 
lesions are very bright in DWI.  From the table, the technique 
provides the worst result for all evaluation measurements for 
tumour. This is because, in DWI, the lesion for tumour is 
cannot fully characterized by its brightness. In addition, some 
tumour lesions in DWI comprise dark area in the middle or 
surrounding its hyperintense lesion which is failed to detect by 
histogram. Therefore, histogram thresholding provides low 
performance for tumour segmentation in DWI. The errors for 
under-segmentation (FNR) are bigger than over-segmentation 
(FPR) for all cases. The shaded areas show the best average 
performance. Fig. 15 shows average performance of lesion 
segmentation by using both Gamma-law transformation and 
contrast stretching algorithm.
 
Fi
g. 15 Average performance of the thresholding algorithm 
Gamma-law tra sformation algorithm provides higher AO 
which means better similarity to the manual segmentation 
provided by neuroradiologists.  For over-segmentation (FPR) 
and under-segmentation (FNR) evaluation, gamma-law 
transformation provides higher performance, while contrast 
stretching gives poorer result. Overall, gamma-law 
transformation algorithm provides better segmentation results 
compared to contrast stretching.
B. GLCM  
The proposed method has been tested with ten patients, as 
shown in Fig. 16.  The images are normal; solid tumour, acute 
infarction, abscess and haemorrhage which represent 
hyperintense lesion; haemorrhage and chronic infarction 
which represent hypointense lesion. 
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(g) Acute 
Infarction 
(h)Haemorrhage (f) Chronic 
infarction 
Fig. 16 Segmentation results. From top to bottom: (a) DWI for normal 
patient and segmentation result of normal CSF, (b-g) Segmentation of 
hyperintense lesions, (h-f) Segmentation of hypointense lesions 
For normal patient in Fig. 16(a), the DWI is separated into two 
parts which are brain tissue and CSF in the middle of the 
brain. The results show that the normal brain tissue is well 
separated from the CSF. No hyperintense lesion is detected. 
Fig. 16 (b-g) shows several hyperintense lesions and their 
segmentation results. As seen in the figures, the lesions are 
well segmented using the approach meth d. Similar evalu tion 
is made for he hypointense lesions in Fig. 16 (h-f). Since the 
hypo ntense lesions and CSF share similar characteristics, 
hence both regions fall under the hypointense regions. Normal 
CSF can be characterized by looking at the symmetrical shape 
in the middle of the brain while for hypointense lesion, the 
shape is irregular. 
C. Segmentation Performance Comparison 
Fig. 17 shows average performance of lesion segmentation 
by using both GLCM and thresholding. As discussed in the 
chapter VII, low MA, MAPE and rerr show low error, i.e high 
similarity with respect to the expert judgment. GLCM 
provides lower MA, MAPE and rerr compared to thresholding 
technique, which means more accurate. Overall, GLCM 
provides better segmentation results compared to thresholding 
technique. 
 
Fig. 17 Performance comparison between GLCM and thresholding Fig. 17 Performance comparison between 
GLCM and thresholding
ix. ConCLusions
This paper describes brain lesion 
segmentation in DWI using both 
thresholding technique and GLCM. 
Clinical DWI which focused on 
the hyperintense lesions which are 
infarction, acute haemorrhage, solid 
tumor and abscess are used for the study. 
Preprocessing stage is carried out for 
intensity normalization, background 
removal and intensity enhancement. 
Gamma-law transformation algorithm 
and contrast stretching are evaluated 
and compared to threshold the lesions. 
Images are segmented to 16 x 16 pixels 
size and histogram thresholding is 
applied at each region to find the 
maximum number of pixels. The result 
shows that both intensity enhancement 
techniques can be applied for successfully 
segment the hyperintense lesions using 
our proposed theresholding technique. 
However, Gamma-law transformation 
algorithm provides better segmentation 
results compared to contrast stretching. 
GLCM was also computed from the DWI. 
From the GLCM contour plot, GLCM 
cross section was constructed to compute 
the minimum and maximum threshold 
values. Region and boundary information 
from the GLCM were analyzed. The 
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GLCM regions that were according to 
hyperintense and hypointense lesions 
were segmented. The result shows that 
the proposed methods can successfully 
segment the lesions and is suitable for 
analysis of DWI and for classification 
purpose.  Overall, GLCM provides better 
segmentation accuracy compared to 
thresholding technique.
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